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PREFACE 


This  thesis  was  initiated  in  the  simmer  quarter  of  19?5  while  I  was  a 
student  at  the  Air  Force  Institute  of  Technology  (AFIT),  in  Dayton,  Ohio. 

Most  of  the  research  work  and  initial  writing  was  done  prior  to  the  end  of 
1975.  In  order  to  complete  the  requirements  for  this  thesis,  the  material 
was  reviewed  and  updated  where  it  was  appropriate.  The  cost  estimates  used 
to  exercise  the  operating  and  support  (0 AS)  cost  model  are  obviously  out¬ 
dated  but  were  not  changed  because  it  was  felt  that  they  still  provided  a 
quantitative  measure  in  which  to  make  relative  comparisons.  Even  in  1975* 
the  several  sources  that  provided  the  estimates  cautioned  against  the  accur¬ 
acy  of  the  numbers  because  they  were  averages,  rough  allocations,  and  applied 
to  generic  systems  rather  than  a  specific  weapon  system.  This  estimating 
problem  existed  in  the  Department  of  Defense  (DOD)  in  1975*  as  it  does  now, 
in  trying  to  Identify  and  standardise  the  reporting  of  OAS  costs  by  weapon 
system.  I  believe  the  material  in  this  thesis  is  still  of  value  and  will 
contribute  to  the  further  development  and  understanding  of  the  critical 
importance  of  operating  and  support  costs  in  the  development  and  acquisition 
of  future  weapon  systems. 

I  want  to  express  my  sincere  appreciation  to  Lt  Col  Edward  J.  Dunne,  Jr. 
ay  thesis  advisor,  for  his  advice  and  many  helpful  suggestions  on  Improving 
my  thesis.  Also,  I  wish  to  thank  Dr.  Dwight  Collins  for  his  help  in  the 
initial  phases  of  my  thesis  research  and  for  reading  and  making  construc¬ 
tive  comments  on  the  final  draft.  I  also  want  to  thank  Lt  Col  G.  C.  Saul 
Young,  Jr.  for  reading  and  commenting  on  my  thesis.  In  addition,  my  appre¬ 
ciation  is  given  to  Major  John  Twlgg  and  others  of  the  RPV  Systems  Program 
for  providing  me  with  information  and  ideas  on  which  this  thesis  was  based. 
Finally,  a  special  thank  you  is  for  my  wife,  Judy  who  spent  many  hours, 

organizing,  typing  and  retyping  this  thesis. 
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ABSTRACT 


—  A  study  and  analysis  of  the  operating  and  support  (0  A  S)  costs  of  an 
Advanced  RPV  squadron  was  performed.  This  study  concentrated  on  the  deter¬ 
mination  of  costs  for  operations  and  support  while  the  weapon  system  was 
still  in  its  conceptual  phase  of  acquisition.  It  was  assumed  that  early 
decisions  made  by  the  system  program  manager,  with  respect  to  design  para¬ 
meters  for  a  weapon  system,  can  have  a  major  impact  on  the  costs  for  opera¬ 
ting  and  supporting  that  weapon  system. 

A  cost  model  was  formulated,  to  be  used  by  the  ARPV  program  manager, 
that  provided  operating  and  support  cost  visibility.  Its  purpose  was  as  a 
tool  to  provide  insight  into  what  cost  elements  were  the  high  cost  drivers. 
Also,  it  was  Intended  to  be  useful  in  applying  different  operating  and  sup¬ 
port  concepts  in  order  to  arrive  at  the  most  cost  effective  squadron  concept. 
For  this  purpose,  a  squadron  operations  and  maintenance  concept  was  developed 
to  demonstrate  the  utility  of  the  model.  Finally,  several  cost  variables 
were  examined  to  show  their  impact  on  total  0  A  S  costs  as  they  were  varied 
over  a  range  of  values. 
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CHAPTER  I i  INTRODUCTION 

The  thesis  presented  here  represents  research  and  work  done  in  the  fall  of 
1975  by  this  writer.  It  was  completed  and  submitted  in  December  1980  to  fulfill 
the  requirements  for  a  Masters  Degree  in  Systems  Management.  Subsequent  to  the 
fall  of  1975*  the  Advanced  Remotely  Piloted  Vehicle  (ARPV)  concept  was  not  ap¬ 
proved  for  advanced  development.  In  its  place,  the  RPV  Systems  Program  Office 
redirected  its  effort  toward  the  development  of  a  low  cost  expendable  h arras s- 
ment  vehicle.  The  thesis  is  presented  from  a  1975  perspective  with  the  firm 
belief  that  the  work  can  be  of  value  in  future  RPV  approaches  and  to  the  devel¬ 
opment  and  analysis  of  operating  and  support  costs  of  future  DOD  weapon  systems. 

Statement  of  the  Problem 

The  purpose  of  this  thesis  is  to  study  and  analyze  the  operating  and  sup¬ 
port  costs  (0  &  S)  of  an  Advanced  RPV  squadron.  This  study  will  concentrate  on 
the  examination  of  0  4  S  costs  while  the  weapon  system  is  still  in  the  conceptual 
phase  of  the  acquisition  process.  It  is  the  contention  of  this  writer  that  early 
decisions  made  by  the  system  program  manager,  with  respect  to  design  parameters 
for  the  weapon  system,  can  have  a  major  impact  on  the  costs  for  operating  and 
supporting  that  weapon  system.  It  is  also  believed  that  several  cost  variables 
can  be  Identified  which  are  different  or  significantly  changed  for  Remotely 
Piloted  Vehicles  when  compared  with  either  aircraft  or  missile  systems.  The 
identified  cost  variables  will  then  be  examined  in  a  composite  of  existing  opera¬ 
ting  and  support  cost  models. 

The  Advanced  Remotely  Piloted  Vehicle  (ARPV)  program  has  been  established 
to  "assess  the  feasibility  of  a  total  system  approach  for  a  multi-mission  cap¬ 
able  RPV,  to  evaluate  cost  effectiveness,  to  perform  preliminary  tradeoff  and 
design  analyses  for  improved  system  definition,  and  to  provide  a  basis  for  a 
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decision  to  proceed  with  follow-on  development ." *  The  multiple  mission  capa¬ 
bility  refers  to  the  strike,  electronic  warfare,  and  reconnaisance  missions 
for  the  early  1980's  time  frame. 

Organization 

The  thesis  is  organized  into  six  chapters.  In  this  first  chapter,  a 
statement  of  the  problem  is  given  to  show  the  goal  and  direction  that  will  be 
pursued.  This  will  be  followed  by  an  historical  look  at  RPV's  up  to  the  pre¬ 
sent  time  in  order  to  give  some  insight  into  the  uniqueness  of  the  weapon  sys¬ 
tem.  Next,  a  discussion  about  Life  Cycle  costing  will  lay  the  background  for 
studying  operating  and  support  costs  and  the  significance  of  those  costs. 
Chapter  two  will  present  the  methodology  used  to  approach  the  subject  of  this 
thesis.  This  will  Include  the  scope  and  limitations  of  the  research,  the  as¬ 
sumptions  made,  the  guideline  recommended  by  the  ABPV  Program  Office.  In 
Chapter  III,  the  results  of  a  literature  search  of  operating  and  support  cost 
modeling  will  be  reported  that  will  include  data  related  problems,  weapon  sys¬ 
tem  design  characteristics  and  an  analysis  of  current  operating  and  support 
modeling  technology.  Chapter  IV  will  be  devoted  exclusively  to  the  develop¬ 
ment  of  an  ABPV  Squadron  Concept,  a  necessary  basis  for  developing  the  opera¬ 
ting  and  support  cost  elements.  In  Chapter  V,  the  operating  and  support  cost 
model  for  the  ABPV  will  be  developed  and  analyzed.  Cost  variables  that  are 
unique  or  significantly  changed  from  other  weapon  systems  will  be  Identified 
and  analysed  for  their  sensitivity  to  overall  operating  and  support  costs. 
Chapter  VI  will  summarize  the  thesis  findings,  state  the  conclusions  made  as  a 
result  of  these  findings,  and  make  recommendations  on  the  use  of  this  thesis 

^Program  Management  Plan  for  Advanced  RPV  Program  System  Studies.  (PMP  75-002 | 
Wright-Patterson  AFB,  Ohlot  Aeronautical  Systems  Division,  11  A. 
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and  for  further  research  in  the  area  of  operating  and  support  costs. 

Background  to  Remotely  Piloted  Vehicles 

A  logical  place  to  begin  in  discussing  RPV's  is  to  answer  the  ques¬ 
tion,  idiy  is  there  interest  in  RPV's?  The  answer  involres  four  issues 
that  confront  the  Departaent  of  Defense  on  any  weapon  system  development t 
the  decreasing  availability  of  dollar  resources,  the  Increasing  cost  of 
men  and  machines,  a  continually  increasing  enemy  threat,  and  the  newly 

emerging  sensitivities,  national  and  international,  to  the  value  and  pre- 

2 

sence  of  man.  With  these  issues  in  mind,  the  Air  Force  has  begun  to 
develop  a  low-cost,  recoverable,  multimisslon  RPV  weapon  system  to  supple¬ 
ment  expensive  manned  aircraft  systems.  The  RPV's  would  be  used  in  place 
of  manned  aircraft  in  high-risk  environments  to  reduce  missions  costs 
and  the  possible  loss  of  men.  Further  justification  for  the  RPV  develop¬ 
ment  involves  the  shift  of  the  balance  of  military  power  in  Europe.  The 
Warsaw  Pact  nations  outnumber  the  North  Atlantis  Treaty  Organization  (NATO) 
forces  in  troop  strength,  numbers  of  battle  tanks  and  in  quantities  of 
aircraft.  Add  to  this  the  advanced  mobile  radars  and  thousands  of  anti¬ 
aircraft  guns  and  surface-to-air  missiles  and  it  becomes  clear  that  mili¬ 
tary  power  in  Europe  is  numerically  weighted  in  favor  of  the  Warsaw  Pact 
nations.  To  offset  this  unfavorable  shift  in  military  balance  one  option 
that  the  Air  Force  is  studying  is  to  deploy  RPV's  in  large  numbers  in 
order  to  overwhelm  the  defensive  systems.  "The  RPV  is  built  with  attri¬ 

tion  in  mind  and  would  be  employed  against  highly  defended  targets.  It 

^United  States  Air  Force  Drone/RPV  Mission  Analysis.  (Volume  I,  ASD/XR  7^2, 
Final  Report,  February  197^). 

3 

Lt.  Col.  E,  J.  Kellerstrass,  "Drone  Remotely  Piloted  Vehicles  and  Aero¬ 
space  Power",  Air  University  Review  (Sept-Oct,  1973),  p.  **6. 
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is  fearless,  avoids  the  extreme  exposure  of  expensive  manned  systems, 

4 

and  reduces  the  number  of  potential  hostages."  The  above  ideas  give 
some  strong  reasons  for  developing  RPV's.  In  the  following  paragraphs, 
some  background  in  the  development  of  the  RPV  concept  is  presented  in 
order  to  show  how  some  of  the  Advanced  RPV  concepts  were  developed. 

The  first  serious  effort  in  modern  times  to  develop  a  remotely 
piloted  vehicle  was  by  the  U.  S.  Army  in  1918  at  Dayton,  Ohio.  This 
military  version  of  an  RPV  was  known  as  the  Kettering  Bug.  It  was  de¬ 
signed  to  carry  a  200  pound  warhead  of  high  explosives  at  a  speed  of 
130  m.p.h,  for  a  distance  of  75  Biles  and  cost  no  more  than  that  of 
firing  an  eight  inch  artillery  shell.  The  Bug  was  successfully  test 
flown,  but  World  War  I  ended  before  the  vehicle  could  be  approved  for 
production.  The  idea  then  lay  dormant  until  World  War  II,  when  atten¬ 
tion  again  turned  to  the  development  of  ordnance  delivered  by  remote 
control.^  The  most  spectacular  was  the  German  V-l  Buzz  Bomb  that  was 
launched  against  England,  causing  substantial  damage  and  over  14,000 
casualties.  The  most  significant  development  of  RPV's  during  World  Wax  II 
was  the  use  of  these  vehicles  as  aerial  targets  for  training  antiaircraft 
artillery  crews  and  for  air-to-air  gunnery  practice.  One  such  vehicle 
was  the  Northrop  0Q-2A.  It  was  a  radio-controlled,  100  lb.,  low  speed, 
high  wing  monoplane  vehicle  that  could  climb,  dive,  and  turn  within  line 
of  sight  distances  of  its  control  station.^  This  development  led  to  the 
first  target  drone  vehicle  production  line. 

4 

Ibid. 

^United  States  Air  Force  Drone/RPV  Mission  Analysis.  (Volume  I,  ASD/XR  74-2, 
Final  Report,  February  1974). 

6Ibid. 
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A  new  entry  into  the  target  drone  field,  in  the  late  1940's,  was  the 
Ryan  Aeronautical  Company.  This  company  was  to  become  the  prime  contri¬ 
butor  of  target  drones  in  the  coming  decades.  This  contribution  began 
when  Ryan  Aeronautical  was  given  the  first  competitively  awarded  contract 
for  a  subsonic,  jet-propelled,  unmanned  aircraft.  This  vehicle  was  desig¬ 
nated  the  XQ-2  with  the  primary  function  of  testing  and  evaluating  ground- 
to-air  and  air-to-air  missiles.  The  Q-2A,  the  production  model,  quickly 
proved  its  usefullness  as  a  target  drone  for  the  training  of  aircrews. 

When  it  became  necessary  to  add  radar  augmentation  and  scoring  devices 
for  realistic  target  threat  simulation,  degradation  of  aerodynamic  perfor¬ 
mance  resulted  from  the  addition  of  wing  pods.  The  outcome  of  this  diffi- 
ciency  was  a  proposal  by  Teledyne-Ryan  for  a  new  design  which  had  adequate 
internal  space  for  augmentation  and  scoring  devices  and  with  a  larger 

■7 

engine.  This  drone  became  known  as  the  BQM-34A  Firebee.  It  was  a  high 
subsonic  vehicle,  near  Mach  0.9,  capable  of  operating  at  altitudes  from 
200  to  50,000  feet  at  ranges  up  to  600  miles  by  remote  radio  control.  Ap¬ 
proximately  4,000  Firebees  have  been  produced  so  far.  This  availability 
of  the  Firebee  enabled  the  drone  to  be  used  for  a  variety  of  other  missions 
such  as  photography.  Information  collection,  leaflet  dispensing,  and  elec- 

O 

tronic  warfare  support. 

The  current  inventory  of  RPV  systems  is  composed  of  vehicles  that 
are  directly  related  to  the  procedure  in  which  programs  were  developed. 

The  usual  process  was  to  select  and  modify  an  existing  target  drone  to 
meet  an  urgent  operational  reconnaissance  need  instead  of  spending  time 

7 

Kellerstrass,  op, cit. .  p,  48. 

Q 

United  States  Air  Force  Drone/RPV  Mission  Analysis.  (Volume  I,  ASD/XR  74-2, 
Final  Report,  February  1974) . 
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to  design  and  develop  an  optimum  RPV,  The  number  and  diversity  of  these 

modifications,  derived  from  an  established  vehicle  design,  have  been  very 

extensive.  An  example  of  the  process  was  the  development  of  the  AQM-34L 

for  low-level  reconnaissance  in  Southeast  Asia.  Additional  adaptations 

were  developed  for  the  RPV  primarily  in  the  reconnaissance  role.  There 

was,  however,  a  mission  application  developed  for  tactical  electronic 

warfare  support.  The  activation  of  the  11th  Tactical  Drone  Squadron  on 

1  July  1971 ,  at  Davis-Monthan  AFB,  Arizona,  marks  the  official  beginning 

9 

of  employment  of  unmanned  vehicles  in  tactical  operations. 

In  recent  years  an  effort  has  been  made  to  develop  RPV's  with  cost 
effectiveness  as  a  primary  goal.  New  RPV  designs  such  as  the  Compass 
Cope  Program  for  the  development  of  a  high-altitude,  long-endurance  RPV 
have  received  much  attention.  Significant  In  this  program  is  that  the 
vehicle  will  be  capable  of  taking  off  and  landing  under  the  control  of 
a  remotely  located  controller.  The  ability  to  take  off  from  the  ground 
and  then  land  Is  a  significant  cost  saving  procedure  that  is  being  devel¬ 
oped.  Prior  RPV's  required  airborne  launch  from  a  DC-130  and  a  recovery 
by  the  Mid-Air  Retrieval  System  (MARS),  which  is  a  helicopter  recovery 
technique.  These  methods  were  very  costly  and  necessitated  more  cost¬ 
saving  methods.  Another  mission  application  is  the  tactical  air-to-ground 
strike  mission,  where  hardened  or  heavily  defended  targets  will  be  attacked 
by  recoverable  RPV's.  "The  relatively  low-cost  of  the  RPV  makes  it  an 
ideal  delivery  system  for  this  type  of  mission.  Although  the  primary  in¬ 
terest  at  this  time  is  the  use  of  RPV's  against  heavily  defended,  high-value 
targets,  such  as  a  SAM  site,  there  is  little  doubt  that  close  air  support 
a 

Kellerstrass ,  op, cit . ,  p ,  49 . 


6 


and  classical  interdiction  missions  could  be  considered  in  the  future. " 


10 

The  next  logical  step  in  the  development  of  RPV's  is  to  design  a 
multimission,  low-cost  vehicle  that  will  incorporate  most  of  the  cost 
saving  concepts  that  have  been  proposed.  This  task  is  essentially  what 
the  Advanced  Remotely  Piloted  Vehicle  (ARPV)  program  is  attempting  to  do. 
The  needed  technology  is  available  now.  What  is  needed,  is  a  new  approach 
to  designing  low-cost  vehicles  that  does  not  require  the  military  specifi¬ 
cations  and  qualification  testing  standards  of  manned-aircraft  systems. 
"Creativity  and  ingenuity  in  applying  the  technology  to  design  concepts 
will  be  required  in  order  that  greater  strides  in  this  area  can  be  accom¬ 
plished  and  costs  held  to  a  reasonable  factor."**  The  ability  of  RPV 
contractors  to  develop  this  approach  is  the  key  to  the  future  of  RPV's. 

If  this  is  not  done,  we  will  never  see  them  in  the  quantities  necessary 
to  be  effective. *^ 

Life  Cycle  Costing  Application 

The  Air  Force  uses  the  concept  of  life  cycle  cost  (LCC)  in  the 
development,  acquisition,  and  modification  of  defense  systems  and  subsys¬ 
tems.  The  extent  to  which  LCC  will  be  used  is  determined  by  the  acquisi¬ 
tion  strategy  and  related  decision  processes.  The  type  of  decisions  in 
which  LCC  is  expected  to  be  used  include!  design  choicest  selection  of 

a  source t  evaluation  of  engineering  change  proposals;  and  determinations 

13 

on  whether  or  not  to  proceed  to  subsequent  acquisition  phases.  The 

10Ibid. .  p.  52. 

11Ibld, .  p.  54. 

l2Brig.  Gen  L.P,  Hodnette,  Jr.,  "Remotely  Piloted  Vehicles",  National 
Defense.  (Mar-Apr,  1974),  p.  424. 

*^AFR  800-11,  Life  Cycle  Costing  (LCC).  (Washington  D.C. t  Department 
of  the  Air  Force,  3  August  1973) »  p.  1. 
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concept  of  life  cycle  costing  used  here  is  not  the  same  as  the  tern  life 
cycle  cost.  This  latter  term  refers  to  the  total  cost  to  the  Government 
of  acquisition  and  ownership  of  that  system  over  its  full  life.  It  in¬ 
cludes  the  cost  of  development,  acquisition,  operation,  support  and  where 
applicable,  disposal.  The  term,  life  cycle  costing,  usually  refers  to  a 
procurement  technique  in  which  decision  making  is  enhanced  by  considering 
all  elements  of  life  cycle  cost.  AF  Regulation  800-11  says  that  "the 
main  objective  of  life  cycle  costing  is  to  consider  ownership  (operation, 
maintenance,  support,  etc.)  cost,  in  order  to  provide  visibility  to 

economic  advantages  of  the  various  design/development  options  and  acquisi- 
14 

tion  decisions."  In  figure  1,  the  cost  spectrum  of  the  weapon  system 
life  cycle  is  shown.  The  acquisition  phase  includes  the  costs  for  concept 
formulation,  advanced  development  (validation) ,  full  scale  development, 
and  production.  Prior  to  advancing  into  each  of  the  above  phases  a  DSARC 
must  be  convened  and  a  decision  made  to  go  ahead  in  the  program.  During 
the  production  phase,  the  operational  phase  will  begin  as  weapons  are 
deployed  in  sufficient  numbers  to  allow  the  Air  Force  units  to  attain 
operational  capability.  This  operational  phase  will  continue  to  generate 
operating  and  support  costs  until  the  weapon  system  or  equipment  is  phased 
out.  The  summation  of  the  costs  for  the  acquisition  and  operational  phases 
provides  the  life  cycle  cost  of  the  weapon  system. 

The  use  of  Life  Cycle  Costing  in  decision  making  is  not  intended  to 
make  minimum  cost  as  the  only  or  predominant  decision  factor.  A  considera¬ 
tion  for  system  effectiveness  is  also  included  in  any  decision  making  con¬ 
cerning  a  system  or  subsystem  procurement.  By  system  effectiveness  we  refer 

14 

Ibid.,  p.2. 
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to  the  analysis  of  a  system  potential  and/or  capacity  to  perform  its 
assigned  mission.^  It  is  the  intention,  though,  that  life  cycle  costing 
will  be  used  to  insure  a  proper  balance  between  cost  and  effectiveness 
of  the  system.  For  example,  emphasis  on  an  initial  cost  may  result  in 
a  lower  acquisition  cost  but  cause  ownership  costs  to  be  unreasonably 
high.  By  considering  a  higher  initial  cost  with  resultant  higher  reli¬ 
ability  and  maintainability,  lower  life  cycle  cost  may  actually  be 
achieved. 

Thus,  a  cost-effectiveness  analysis  is  imperative  for  sound  decision¬ 
making  at  all  levels.  It  is  most  essential  for  those  decisions  made  by 
the  Defense  Systems  Acquisition  Review  Council  (DSARC)  when  considering 
the  continuing  viability  of  a  system  effort.  This  includes  decisions 
concerning  whether  to  initiate  a  program  and  subsequently  whether  to 
discontinue  it,  or  to  remain  in  the  existing  Acquisition  Phase,  or  to 
proceed  to  the  following  phase.  The  realization  that  a  cost-effectiveness 
analysis  will  be  made  should  provide  the  motivation  for  contractors  to 
use  LCC  analysis  in  their  initial  design  concepts  and  throughout  the 

Acquisition  Phases,  even  before  LCC  estimates  axe  required  as  contractual 
17 

commitments. 


Significance  of  Operating  and  Support  Costs  (0  &  S) 

In  the  past,  the  Department  of  Defense  (DOD)  has  concerned  itself 
primarily  with  the  research,  development,  and  production  costs  incurred 
from  the  decision  to  develop  and  buy  a  new  weapon  system  or  subsystem. 


16Llfe  Cycle  Costing  Guide  For  System  Acquisitions.  Department  of  Defense, 
(January,  1973),  p.  2-3. 


'ibid. .  p.  2-2. 
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But,  now,  the  constantly  decreasing  amount  of  defense  dollars  has  forced 

DOD  to  consider  more  than  just  the  Initial  cost  to  procure  that  system. 

Increasing  interest  is  Being  concentrated  on  those  costs  incurred  after 

a  weapon  system  is  deployed  and  operational.  These  costs  are  the  costs 

to  operate  and  maintain  that  weapon  system  for  the  entire  period  of  its 

useful  life.  Analysis  of  current  and  past  systems  indicates  that  well 

over  50  percent  of  total  life  cycle  cost  for  a  particular  weapon  system 

is  spent  on  operating  and  support  costa.  When  looking  at  the  costs 

incurred  for  one  year,  specifically  FY  ?4,  approximately  $25  'billion  or 

30  percent  of  the  Defense  budget  was  spent  just  to  maintain  existing 
18 

equipment.  Just  the  large  amount  of  dollar  resources  consumed  neces¬ 
sitates  a  more  comprehensive  look  at  weapon  system  costs.  Methods  for 
reducing  these  costs  must  be  given  serious  thought.  The  importance  of 
these  reducing  methods  must  be  brought  to  the  attention  of  the  DOD  in 
all  decisions  made  that  affect  the  development  and  buying  of  new  weapon 
systems.  Thus,  it  is  imperative  that  the  cost  impact  of  potential  system 
(0  4  S)  costs  be  understood  and  reviewed  during  the  acquisition  process 
on  an  equal  priority  with  projected  unit  production  costs. 


Objectives  of  Research 

The  objective  of  this  thesis  is  to  present  an  Operating  and  Support 
cost  model  for  the  Advanced  Remotely  Piloted  Vehicle  that  can  be  used 
to  investigate  cost  variables  that  have  a  significant  impact  on  total 
0  4  S  costs  for  the  ARPV  squadron. 

Specific  objectives  of  this  thesis  are« 

1.  To  study  operating  and  support  costs  of  weapon  systems. 

18 

Operating  and  Support  Cost  Estimates.  (Department  of  Defense,  May,  1974), 
p.  2. 


2.  To  analyze  cost  elements  of  existing  operating  and  support 
cost  models, 

3.  To  develop  an  Advanced  RPV  Squadron  concept  to  include  the 
command  structure,  basing,  personnel  and  training  requirements, 
maintenance  concept,  operations  concept,  ARPV  description,  and 
mission  profiles. 

4.  To  formulate  an  ARPV  Squadron  operating  and  support  cost  model. 

3.  To  identify  and  analyze  cost  variables  that  are  uniquely  found 
and/or  significantly  changed  in  an  ARPV  squadron. 

The  next  chapter  will  present  the  methodology  used  to  accomplish  the  ob¬ 
jectives  of  this  research.  This  will  include  the  scope  and  limitations  of 
the  research,  the  assumptions  made,  and  the  approach  taken. 
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CHAPTER  II j  METHODOLOGY 


Scope  and  Limitations  of  Research 

The  research  was  conducted  on  current  operating  and  support  cost  tech¬ 
nology.  Specific  goals  were  to  analyze  examples  of  models  currently  being 
used,  the  data  sources  used  and  problems  related  to  them,  and  the  impact  that 
reliability  and  maintainability  have  on  the  operating  and  support  costs  of  a 
weapon  system.  This  background  of  information  was  needed  for  the  formulation 
of  an  Advanced  RPV  (ARPV)  cost  model.  This  cost  model  was  the  primary  objec¬ 
tive  of  the  research  undertaken  in  this  thesis  for  the  Advanced  RPV  program 
manager. 

The  limitation  of  time  placed  the  constraint  of  one  quarter  (10  weeks) 
to  perform  the  research  and  to  write  this  thesis.  Thus,  it  was  necessary  to 
concentrate  only  on  those  subjects  that  this  writer  considered  most  important 
to  the  development  of  an  0  &  S  cost  model  for  the  Advanced  RPV. 

The  primary  sources  of  data  used  included  discussions  with  ARPV  program 
manager,  propulsion  data  from  contractors,  and  cost  standards  from  several 
Air  Force  publications.  Several  operational  and  maintenance  concepts  from 
present  RPV  squadrons,  missile  units,  and  RPV  development  programs,  i.e. 
Compass  Cope,  Influenced  the  design  of  the  resultant  0  A  S  Cost  Model.  Much 
of  the  data  examined  concerning  present  RPV  units  was  determined  to  be  irrele¬ 
vant  or  inaccurate  by  this  writer,  in  consultation  with  the  ARPV  program  mana¬ 
ger  and  other  ARPV  system  engineers. 

Assumptions 

The  Advanced  RPV  program  is  currently  in  the  early  conceptual  phase 
of  its  life  cycle.  Due  to  this,  many  basic  assumptions  are  made  concerning 


the  concept  of  an  Advanced  RPV  Squadron.  These  assumptions  form  the  basis 
on  which  the  operating  and  support  cost  model  is  developed.  Where  it  is  pos¬ 
sible  these  assumptions  are  based  on  current  weapon  systems,  related  RPV  de¬ 
velopment  programs,  or  engineering  design  estimates  from  several  contractors. 
Chapter  IV  will  present  the  concept  of  an  operational  ARPV  Squadron.  This 
concept  was  discussed  with  the  ARPV  program  manager  for  its  feasibility  and 
was  found  to  be  a  valid  assumption  on  which  to  base  the  development  of  the 
cost  model. 

There  are  specific  guidelines,  presented  in  the  ARPV  Program  Management 
plan  for  the  Conceptual  Phase,  that  provide  direction  for  the  development  of 
a  squadron  concept.  These  guidelines  are  that  the  ARPV  would: 

1.  Be  low  in  cost  to  acquire,  operate,  and  support  when  compared  to 
other  Air  Force  systems  or  options  for  similar  missions. 

2.  Employ  minimal  numbers  of  personnel  to  maintain  and  operate  and 
also  require  low  skill  levels. 

3.  Be  capable  of  operating  in  significant  numbers  for  those  missions 
that  require  numbers  to  be  effective. 

4.  Employ  a  launch  and  recovery  approach  which  is  significantly  im¬ 
proved  over  the  current  practice.  Launch  and  recovery  must  be 
relatively  simple  and  require  minimal  off -vehicle  equipment. 

5.  Be  derived  from  designs  which  do  not  apply  full  military  stan¬ 
dards  and  specifications  where  cost  or  other  considerations  result 
in  benefit  to  the  government. 

6.  Consider  design  for  vehicle  survivability  as  a  major  factor  to  be 
traded  in  the  cost  effectiveness  analysis. ^ 
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Program  Management  Plan  for  Advanced  RPV  Program  System  Studies.  (PMP  75-002 j 
Wright-Pat terson  AFB,  Ohioi  Aeronautical  Systems  Division, (11  April  1975) . 


Approach 

The  approach  taken  to  accomplish  the  research  objectives  of  this  thesis 
is  to  first,  conduct  a  literature  search  into  current  Operating  and  Support 
(0  &  S)  cost  technology.  This  includes  a  look  at  the  status  of  0  &  S  cost 
technology  within  the  Department  of  Defense,  the  problems  related  to  collect¬ 
ing  0  &  S  cost  data  by  weapon  system,  and  the  current  thinking  in  0  &  S  cost 
model  technology.  The  primary  sources  for  this  research  are  the  documents 
in  the  Life  Cycle  Cost  Reference  Library,  maintained  by  the  Joint  AFSC/AFLC 
Commanders'  Working  Group  on  Life  Cycle  Cost,  located  at  Wright-Patterson 
Air  Force  Base,  Ohio.  Next,  this  writer  examines  three  currently  used  cost 
models  for  their  applicability  to  the  development  of  an  Advanced  RPV  (ARPV) 

0  k  S  cost  model.  These  models  are  the  Missile  Annual  Cost  Estimating  (MACE) 
model  from  Air  Force  Regulation  173-10,  the  Cost  Analysis  Improvement  Group 
(CAIG)  model  from  the  Operating  and  Support  Cost  Development  Guide  for  Air¬ 
craft.  and  the  Logistics  Support  Cost  ( LSC)  model.  These  models  are  examined 
for  cost  elements  that  best  represent  the  cost  elements  expected  to  be  found 
in  an  ARPV  squadron. 

This  thesis  will  develop  an  ARPV  squadron  concept,  in  chapter  IV,  in 
order  to  identify  the  elements  that  generate  costs  and  combine  to  form  total 
0  &  S  costs.  The  sources  for  this  squadron  concept  are  the  ARPV  program 
manager,  RPV  System  Program  Office  (SPO)  personnel,  Contractor  proposals  for 
the  conceptual  phase,  current  missile  operation  concepts  of  the  Strategic 
Air  Command,  and  from  assumptions  made  by  this  writer  based  on  four  years 
experience  on  a  Titan  II  missile  crew.  Next,  the  0  4  S  cost  model  will  be 
developed  from  a  composite  of  the  MACE,  CAIG,  and  LSC  cost  models  as  shown 
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in  figure  2.  This  composite  model  will  combine  those  elements  that  best 
describe  the  costs  expected  to  be  found  in  the  ARPV  squadron. 

The  last  objective  of  this  research  will  be  to  analyze  the  cost  ele¬ 
ments  of  the  ARPV  0  &  S  cost  model  by  investigating  the  cost  variables  that 
make  up  the  individual  cost  elements.  Several  of  these  cost  variables  will 
be  analyzed  to  show  what  their  impact  is  on  the  total  0  &  S  cost  for  the 
ARPV  squadron.  Those  cost  variables  that  have  the  greatest  impact  on  total 
0  &  S  costs  will  be  identified.  This  will  be  done  by  first  giving  estimates 
to  each  of  the  variables  and  then  demonstrating  the  sensitivity  of  total  0  *  S 
costs  to  changes  in  selected  variables.  The  estimates  given  for  the  sensi¬ 
tivity  demonstration  will  be  used  in  this  study  only  to  show  relative  changes 
in  total  0  &  S  costs.  Sources  for  the  estimates  are  the  USAF  Cost  and  Planning 
Factors  (AF  Regulation  173-10),  the  DSARC  Operating  and  Support  Cost  Estimates 
Guide,  the  Logistic  Support  Cost  Model  User's  Handbook,  and  where  necessary 
the  best  estimate  of  this  writer.  There  will  be  additional  discussion  con¬ 
cerning  the  cost  variables  in  chapters  IV  and  V. 
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Figure  2.  Operating  4  Support  Cost  Approach 


CHAPTER  Ills  CURRENT  OPERATING  AND  SUPPORT  COST  TECHNOLOGY 

This  chapter  will  present  the  background  of  information  upon  which 
this  research  effort  was  based.  The  chapter  begins  with  a  look  at  the 
status  of  current  operating  and  support  (0  &  S)  cost  technology  within 
the  Department  of  Defense,  Then  the  problems  of  the  existing  data  base 
will  be  discussed  and  their  influence  on  operating  and  support  cost 
estimating.  Next,  the  present  status  of  operating  and  support  cost 
model  technology  in  the  Department  of  Defense  will  be  examined  and  de¬ 
scribed  in  the  form  of  three  currently  used  cost  estimating  models.  These 
are  the  Missile  Annual  Cost  Estimating  model  from  AFR  173-10,  the  Cost 
Analysis  Improvement  Group  model  from  the  Operating  and  Support  Cost 
Development  Guide  for  Aircraft,  and  the  Logistics  Support  cost  (LSC) 
model.  The  last  section  of  chapter  III  will  present  some  fundamental 
concepts  used  in  developing  operating  and  support  costs  of  a  weapon 
system . 

The  Status  of  Operating  and  Support  Cost  Estimating 

The  life  cycle  cost  (LCC)  of  a  weapon  system  includes  the  costs  for 
research  and  development,  acquisition,  and  operating  and  support.  This 
last  item,  operating  and  support,  is  often  referred  to  in  Department  of 
Defense  (DOD)  documents  as  ownership  costs  for  the  weapon  system.  These 
ownership  costs  have  attracted  much  concern  in  recent  years  because  of 
the  high  cost  to  maintain  current  weapon  systems  and  the  continuing 
pressure  to  reorder  national  priorities.  Current  estimates  attribute 
more  than  half  of  a  weapon  system's  total  life  cycle  cost  to  its  ownership 
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costs  which  are  fixed  by  the  weapon's  design,  node  of  enployment  and 
personnel  requirements . ^ 

An  additional  factor  that  has  attracted  both  public  and  Congressional 

attention  has  been  the  phenomenon  of  "cost  growth"  in  new  weapon  systems. 

This  is  the  increase  in  cost  estimates  caused  by  economic  and  technical 

escalation  of  the  original  cost  estimates  for  those  weapon  systems.  The 

technical  escalation  occurs  because  of  the  engineering  problems  that  arise 

during  the  design  of  the  equipment  for  the  new  system.  Also,  unforeseen 

requirements  that  are  imposed  by  the  Air  Force  after  contracts  are  started 

can  cause  additional  technical  escalation.  The  "cost  growth"  phenomenon 

has  resulted  in  specific  recommendations  from  committees  such  as  the 

Fitzhugh  panel  on  guidelines  for  attaining  economies  in  the  acquisition 
21 

process.  Subsequently,  Congress  has  begun  to  exert  pressure  on  the  DOD 
to  improve  its  techniques  for  estimating  both  the  investment  and  operational 
costs  of  new  systems.  This  has  been  difficult  because  past  DOD  cost  esti¬ 
mating  has  concentrated  on  research  and  development  (R  A  D)  and  acquisition 
costs,  not  0  A  S  costs.  There  are  two  major  reasons  for  this.  First,  when 
the  Defense  budget  was  submitted,  requests  for  RAD  and  procurements  funds 
were  related  directly  to  major  weapon  systems.  Thus,  these  costs  were  made 
visible  to  both  DOD  and  Congress.  On  the  other  hand,  0  A  S  costs  were 
funded  by  specific  appropriations  such  as  Military  Personnel,  Operations 
and  Maintenance,  etc. ,  which  could  not  be  easily  associated  with  a  particular 

20 

Methods  for  Evaluating  the  Cost/Effectiveness  of  Alternative  Support  Plans 
for  Major  Weapon  Systems,  Logistics  Management  Institute,  Project  oP  Report, 
(September  196^). 

21 

G.W,  Fitzhugh,  et  al.,  Defense  for  Peacej  Report  to  the  President  and 
the  Secretary  of  Defense  on  the  Department  of  Defense.  The  Blue  Ribbon 
Defense  panel,  Washington,  D.  C.,  (July  1,  1970). 
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weapon  system.  The  second  reason  was  that  boundaries  and  costs  of  H  4  D 
and  acquisition  were  much  easier  to  specify  than  were  those  of  0  &  S.  This 
can  be  demonstrated  by  remembering  that  the  acquisition  of  a  weapon  system 
is  fairly  well  bounded  and  costed  by  identifying  the  production  contracts. 
But,  once  the  weapon  system  was  in  the  inventory  of  one  of  the  Military 
Departments,  it  became  only  one  element  of  a  military  force  and,  for  nany 
costing  purposes,  inseparable  from  the  other  elements  that  made  that  force 
effective.22 

Recently,  the  Office  of  the  Secretary  of  Defense  (OSD)  expended 
considerable  effort  to  solve  some  of  the  difficult  problems  of  defining 
and  estimating  0  *  S  costs.  This  effort  has  been  made  through  the  Defense 
Systems  Acquisition  Review  Council  (DSARC)  and  its  supporting  arm,  the 
Cost  Analysis  Improvement  Group  (CAIG)  in  the  form  of  an  expanded  role 
that  includes  a  review  of  0  &  S  costs  of  proposed  new  weapon  systems. 

The  past  DSARC/CAIG  reviews  dealt  primarily  with  research  and  development 
and  procurement  issues  and  their  related  costs.  Very  little  attention 
was  given  to  costs  for  personnel,  maintainance,  and  other  resources  that 
continue  for  the  entire  operational  life  of  the  weapon  system.  These 
costs  usually  exceeded  the  costs  related  to  the  acquisition  of  the  system. 
When  the  DOD  budget  was  examined  for  one  year,  the  total  0  *  S  cost  for 
operating  and  supporting  all  weapon  systems  claimed  well  over  half  of 
that  budget.  If  these  costs  continue  to  increase  as  they  have  in  recent 
years,  the  availability  of  resources  for  force  structure  modernization 
will  be  threatened.  Corttqrol  of  these  costs  can  be  gained  to  a  large  de¬ 
gree  only  at  the  points  at  which  go-ahead  decisions  are  made  regarding 

22Weapon  System  Ownership  Cost  Modeling.  Phase  I  Task  75-1 t  p.  5. 
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weapon  system  development  and  procurement  by  the  DSARC, 

Operating  and  support  costs  are  largely,  but  not  exclusively,  driven 
by  basic  and  early  decisions  about  system  performance,  reliability,  and 
maintainability,  and  about  the  environment  in  which  the  system  is  to  be 
operated  and  supported.  These  decisions  are  first  considered  in  the  Conceptual 
Phase  after  analyzing,  estimating,  and  evaluating  different  design  alter¬ 
natives  and  their  respective  life  cycle  costs.  Due  to  the  recent  cost 
growth  problem  and  reorientation  of  National  Defense  priorties,  budgets, 
and  management,  the  Department  of  Defense  has  emphasized  the  importance 
of  0  &  S  cost  implications  in  Directive  4100.35.  This  document  requires 
thati 


1.  planning  the  logistic  support  requirements  shall  begin 
at  the  Conceptual  Phase. .. (and)  proceed  with  continuity  through 
the  life  cycle  of  the  program. 

2.  design  of  all  operational  systems. . .shall  take  into  account 
the  aspects  of  logistic  support. . .Tradeoffs  appropriate  to  the 
stage  of  development  shall  be  made  that  will  maximize  the 
effectiveness  and  efficiency  of  the  support  system... the  opera¬ 
tional  environment  and  the  logistic  support  requirements  which 
are  the  result,  will  be  addressed  during  the  tradeoff  stage 
of  the  system  design  process.  Change  to  either  the  system  or 
to  logistic  support  needs  will  be  fully  evaluated  for  the  impact 
on  the  total  system.  23 

Thus,  if  better  and  more  reliable  methods  for  making  system  tradeoff  evalu¬ 
ations  can  be  formulated  and  used  early  in  the  weapon's  design,  then  maybe 
all  the  subsequent  development  decisions  can  be  concentrated  on  reducing 
life  cycle  costs.  This  idea  suggests  that  0  A  S  costs  cannot  be  treated 
separately  from  research  and  development  and  procurement  costs.  Many  pro¬ 
curement  costs  are  a  function  of  the  same  considerations  that  shape  operating 


23 

Development  of  Integrated  Logistics  Support  for  Systems  and  Equipments. 
DOD  Directive  4100.35#  U.S.  Government  Printing  Office,  Washington,  D.  C, 
(1  October  1970). 
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and  support  costs,  such  as  basing,  mobility,  maintenance  concept  and 
others . 

Other  guidance  on  operating  and  support  costs  come  from  the  5000 
series  of  DOD  directives  and  instructions.  DODD  5000. 1  states  specifi¬ 
cally  that  "Cost  parameters  shall  be  established  which  consider  the  cost 
of  acquisition  and  ownership..."  and  that  "Logistics  support  shall  also 
be  considered  as  a  principal  design  parameter..."  Additional  directives 
and  instructions  in  the  5000  series  specify  repeatedly  the  inclusion  of 
ownership  costs  in  cost  estimates,  the  designation  and  testing  of  relia¬ 
bility  and  support  requirements,  and  the  consideration  of  logistics  sup¬ 
port  requirements. 

The  actions  by  OSD  in  stressing  0  &  S  costs  are  having  a  positive 
effect  on  the  military  departments.  Life  cycle  cost  estimates  and  relia¬ 
bility  and  maintainability  goals  are  beginning  to  become  visible  in  the 
DSARC/DCP  (Decision  Coordinating  Paper)  process.  Despite  this,  there 
is  still  a  need  for  greater  OSD  participation  in  0  4  S  issues.  The 
CAIG  efforts  have  been  primarily  directed  at  the  0  &  S  costs  of  aircraft 
systems  as  demonstrated  in  its*  Operating  and  Support  Cost  Development 
Guide  for  Aircraft  Systems.  This  guide  contains  the  essential  ingre¬ 
dients  for  the  preparation  of  an  estimate  using  aggregative  cost  factors 
and  estimating  relationships.  However,  very  little  analysis  of  0  4  S 
factors  is  made.  What  is  needed  is  for  OSD  to  develop  an  analytic  capa¬ 
bility  specializing  in  the  evaluation  of  0  4  S  characteristics  of  weapon 
systems  in  general.  Also,  the  analytic  capability  must  be  structured  in 
such  a  way  that  it  can  effectively  support  the  DSARC/DCP  process.  The 
need  for  analytical  support  is  clearly  stated  in  a  recent  report  from  the 
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Logistics  Management  Institute  to  the  Department  of  Defense.  The  report 
stresses  that  OSD  “provide  analytical  support  which,  during  the  formula¬ 
tion  and  execution  of  a  system  acquisition  prograa,  can  improve  the  visi¬ 
bility  and  accuracy  of  0  4  S  costs  as  related  to  the  following! 

♦The  ability  of  the  DOD  to  afford  to  operate  and  support  the  system. 
♦The  0  A  S  cost  impact  of  alternative  systems. 

♦The  design  trade-offs  which  affect  0  &  S  costs. 

♦The  program  thresholds  which  would  focus  DOD  management  attention 
on  key  0  &  S  related  issues  of  the  program. 

24 

♦The  feasible  support  alternatives. 

The  Existing  Data  Base 

Current  0  &  S  cost  estimating  is  being  hindered  because  there  are 

no  formal  data  collection  systems  in  the  military  departments  that  give 

total  0  *  S  costs  for  a  particular  weapon  system.  "The  data  needed  for 

0  &  3  cost  models  are  assembled  on  an  ad  hoc  basis  from  a  variety  of 

25 

information  systems,  reports,  cost  factor  handbooks  and  studies."  A 
few  cost  categories  of  direct  cost  for  many  weapon  systems  can  be  iden¬ 
tified  with  relative  ease.  The  difficulty  arises  when  one  attempts  to 
identify  indirect  costs  such  as  overhead  for  these  same  weapon  systems. 

Table  I  represents  the  data  sources  available  to  the  Air  Force 
for  obtaining  0  A  S  costs  for  aircraft  systems.  Note  that  the  sources 
Indicated  under  the  "Planning  Factors"  label  do  give  information  by 
weapon  system.  However,  these  data  sources  are  developed  from  gross 
averages  and  are  published  with  a  warning  to  those  who  may  use  them  in 

24 

Weapon  System  Ownership  Cost  Modeling.  Phase  I  Task  75-l»  p.  9. 

25Ibld.  p.  43. 
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TABLE  I 


DATA  SOURCES  FOR  OPERATING  &  SUPPORT  COSTS26 


Identifies  to  Weapon  Syatea 


26, 


Weapon  System  Ownership  Cost  Modeling.  PJiase  I,  Task  75-1,  p.  35. 
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non-standard  situations.  These  cost  factors  may  not  be  acceptable  for 
use  in  estimating  the  0  &  S  costs  of  new  systems  or  for  old  systems  in 
new  environments.  Also,  Table  I  identifies  only  two  data  collection 
systems,  HO 57  and  IROS,  that  relate  costs  directly  to  a  weapon  system. 
The  data  gathered  by  the  other  systems  can  eventually  be  categorized 
by  weapon  system  only  after  considerable  effort  is  made  in  the  field 
and  after  making  some  rough  allocation  decisions.  This  is  because 
current  data  systems  in  the  Air  Force  are  designed  mainly  as  production 
control  and  scheduling  tools  rather  than  cost  accounting  tools.  When 
asked  to  produce  cost  data  by  weapon  system,  the  data  cannot  be  ob¬ 
tained  from  one  source.  Dictionaries  of  equivalent  terms,  such  as 

Federal  Stock  Numbers  (FSN)  to  Work  Unit  Codes  (WUC),  must  be  generated 

27 

before  the  data  can  be  presented  in  the  desired  format, 

A  recent  paper  by  Fiorello  of  Rand  gives  an  accurate  description 
of  the  problems  facing  the  Air  Force  in  obtaining  0  &  S  cost  data  by 
weapon  system  from  current  data  systems.  They  include j 

First,  there  is  no  one  data  system  that  provides  weapon 
system  life  cycle  costs,  or  even  costs  of  ownership  for  any 
weapon  system.  It  is  necessary  to  piece  together  the  total  cost 
from  many  data  system  products. 

Second,  depending  upon  the  level  of  support  activity  for 
the  data  source,  the  cost  detail  and  reporting  nomenclature 
and  structure  is  different.  Resource  consumption  at  the  depot 
level  is  monitored  and  measured  in  terms  of  Federal  Stock  Class 
(FSC),  Federal  Stock  Numbers  (FSN),  Repair  Group  Category  (RGC) 
and  Mission  Weapon  Designation  Series  (MDS),  and  at  the  base 
level  by  Work  Unit  Code  (WUC)  and  organizational  entity.  In 
addition,  certain  items  like  avionics  equipment  are  procured 
with  Army-Navy  (AN/XXX)  nomenclature.  Compounding  the  problem 
of  multiple  nomenclatures  is  the  fact  that  there  is  no  complete, 


27ibid.  p.  y+. 
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official  correlation  between  FSNs  and  WUCs,  The  current  practice 
of  purchasing  items  by  AN  designation,  managing  them  by  FSNs 
and  maintaining  them  in  terms  of  WUCs  makes  it  almost  impossible 
to  accurately  identify  logistics  support  cost  at  the  item  level. 

In  general  one  has  to  resort  to  allocation  schemes. 

Third,  the  acquisition  data  available  from  the  contractors 
Cost  Information  Reports  (CIRs)  and  the  System  Program  Office 
(SPO)  Selected  Acquisition  Reports  (SARs)  are  often  too  aggre¬ 
gated.  For  example,  it  is  not  possible  to  identify  the  spares 
breakout  by  engines,  avionics,  etc. ,  or  the  number  and  type  of 
support  equipment  (e.g.,  AGE)  for  the  different  subsystems. 

Fourth,  the  Air  Force  Resource  Management  System,  which 
provides  accurate  accounting  data  for  resource  management  and 
consumption  by  base  level  organizational  entity,  allows  only 
partial  weapon  system  visibility.  This  is  particularly  the 
case  at  those  bases  with  multiple  stationed  weapon  systems 
and  common  support  activities. 

Fifth,  not  all  the  costs  needed  for  life  cycle  analysis  are 
collected  for  convenient  weapon  system  assignment  or  allocation, 
and  not  all  the  costs  reported  are  “actual  costs".  Examples 
of  omitted  costs  are  system  manager  and  item  manager  personnel 
time,  computer  support  time,  facilities  support  personnel, 
capital  amortization,  and  equipment  depreciation.  Also,  in 
many  data  systems  work-in-process  is  not  reflected.  Some 
data  systems  incorporate  overhead  allowances,  but  in  general 
they  are  understatements,  28 

Underlying  all  these  problems  is  the  fact  that  all  the  current 
data  collection  systems  are  intended  for  purposes  other  than  weapon 
system  cost  accounting.  Thus,  the  general  consensus  is  that  the  current 
Air  Force  data  collection  systems  are  inadequate  to  give  0  4  S  cost  data 
by  weapon  system. 


Present  Model  Technology 

The  need  for  interaction  between  the  weapon  system  designers  and 
the  logisticians  occurs  early  in  the  Conceptual  Phase  of  the  program. 
Questions  that  need  to  be  answered  are  similar  to  the  following!  How 

20 

M.  Fiorello,  "Data  Issues  Related  to  Life-Cycle  Costing  During  Weapon 
System  Acquisitions",  WN-8679-PAE,  The  Rand  Corporation,  (May  1974)  p.  5-6. 
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large  a  force  Is  required?  How  should  it  be  based  and  supported?  What 
kind  of  operations  concept  should  it  have?  What  are  the  resource  require¬ 
ments?  What  are  the  operational  parameters  of  the  weapon  system,  such  as 
speed,  range,  reliability,  and  turnaround  time,  etc.?  The  answers  to 
these  questions  determine  the  inputs  to  the  cost  estimating  model  that 
will  be  used  to  supply  the  necessary  information  for  making  tradeoff 
decisions.  The  program  manager  should  have  the  capability  to  formulate 
and  apply  those  models  that  are  best  able  to  highlight  areas  of  high  cost 
or  resource  impact  among  all  the  alternatives  available.  Properly  de¬ 
signed  operating  and  support  cost  models  should  "highlight  the  interaction 
between  reliability  and  support  postures  and  between  the  alternative  me- 

20 

thods  of  providing  operational  readiness  with  mixes  of  support  resources." 
This  type  of  analysis  therefore  relies  upon  a  functioning  support  system 
together  with  the  corresponding  operating  environment  into  which  the 
support  system  must  be  phased.  In  essence,  the  0  &  S  cost  model  should 
be  able  to  do  the  following  tasks i 

1.  Examine  the  impacts  of  operational  requirements  on  design 
and  support  alternatives  (mobility,  and  so  on). 

2.  Identify  areas  of  high  support  cost  as  a  consequence  of 
design  decisions,  and  point  out  preferred  design  alternatives 
(performance/support  tradeoffs). 

3.  Hake  useful  comparisons  of  alternative  support  postures. 

4.  Develop  budget  estimates  (economic  analysis)  during  the 
advocacy  process. 

5.  Act  as  evaluation  tools  in  the  source  selection  process — 
and  to  define  incentive  goals  and  other  contract  guarantees.  ^ 

29 

"Using  Logistics  Models  in  System  Design  and  Early  Support  Planning", 

Rand  Report  #R-550-PR, (February  1971),  p.  30. 
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The  choice  of  a  cost  model  that  performs  the  above  tasks  should  be 
carefully  made.  The  decision  maker  should  review  the  appropriate  cost 
models  with  respect  to  the  specific  objectives  that  he  is  required  to 
accomplish.  The  approach  that  is  used  in  this  thesis  is  one  that  is 
supported  by  the  Logistics  Management  Institute.  This  method  aids  the 
decision-maker  by  separating  the  more  feasible  operating  and  support 
cost  models  into  two  categories > 

Type  I>  These  are  Charts  of  Account  that  identify  and  aggregate 
the  cost  elements  necessary  to  give  &  measure  of  an  organization's 
operations  or  of  a  weapon  system's  claim  on  the  resources  of  that  or¬ 
ganization. 

Type  lit  These  permit  the  manipulation  of  parameters  for  the  pur¬ 
pose  of  testing  alternative  strategies,  creating  an  optimum  strategy  or 

31 

estimating  the  cost  elements  of  the  type  I  models. 

The  type  I  models  are  those  models  that  can  be  used  when  the  deci¬ 
sion-maker  wants  to  measure  the  operating  and  support  costs  of  a  weapon 
system.  These  models  are  characterized  by  their  mathematical  simplicity, 
moderate  computer  manipulation  requirements,  and  ability  to  give  a  con¬ 
sistent  overview  of  a  specific  question  without  attempting  to  explain 
the  existence  of  a  cost  element  or  trying  to  optimize  it.  These  models 
can  also  be  used  to  predict  operating  and  support  cost  of  future  weapon 
systems  either  by  analogy  with  current  weapon  systems  or  introducing  a 
value  to  a  cost  element  that  was  developed  from  a  type  II  model.  Speci¬ 
fically  the  type  I  model  gives  values  that  are  useful  whent 

31 

Weapon  System  Ownership  Cost  Modeling.  Phase  I  Task  75-1.  p.  19. 
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1.  Comparing  proposed  and  existing  weapon  systems, 

2.  Comparing  a  set  of  weapon  systems. 

3.  Gauging  a  weapon  system's  cost  with  respect  to  the  overall 
DOD  budget. 

The  type  II  models  are  those  models  that  can  be  used  to  study  a 
segment  of  the  ownership  cost  of  a  weapon  system.  This  segment  could 
be  the  maintenance,  inventory,  or  the  transportation  function,  etc,  of 
the  weapon  system.  Often  the  model  can  reveal  an  alternative  support 
strategy  that  is  more  desirable  due  to  an  existing  functional  strategy. 

The  type  II  models  are  characterized  by  their  mathematical  complexity  and 
considerable  computer  manipulation  requirements.  One  reason  why  type  II 
models  are  so  numerous  is  that  new  weapon  systems  have  unique  requirements 
that  must  be  analyzed  differently  than  in  previous  systems.  This  results 
in  numerous  models  being  developed  that  analyze  different  aspects  of  a 
weapon  system  than  did  older  models.  This  happens  for  just  about  every 
new  weapon  system  developed.  Table  II  gives  an  overview  of  46  models 
utilized  by  the  Armed  Services  and  contractors  in  logistics  planning. 

The  table  was  compiled  by  the  RAND  Corporation  in  1971  in  an  attempt  to 
define  the  state-of-the-art  of  logistics  models.  Essentially,  the  type  II 
model  is  a  planning  tool  for  constructing  future  systems  and  for  improv¬ 
ing  existing  ones.  This  is  done  by  giving  0  *  S  cost  estimates  that  may 
be  sensitive  to  operating  strategies  and  design  concepts.  Thus,  this 
may  allow  for  the  optimization  of  the  design  and  operations  of  both  ex¬ 
isting  and  proposed  weapon  systems.  One  other  use  that  type  II  models 
have  was  mentioned  above  in  describing  the  type  I  model, 

3?Ibid.  p.  20. 


29 


8  -  l 


*  I  «  > 


c-c  —  -ee-c  ccc  c  -  c  c  -  e  -  n.  c  —  c  e  e  c  -  c  - 

*  *  <o  ns  U  m  <«  h.  («  b.  «  *  U  1  *  «nu«s  U 

UUWXIUWUUU  b.  k  U  b.  U  V>  UUb.U-b.b-Ob.U  W  U  U  W  «—  u 

“  <A  w  o  wJuau(rtwuuwtfl»<5  w  u«iuifl»iou««u»iu*Jir*J  3ia 

w£u<j£b,kiEt-e/JWUb.tovob-E  v.  feEuEM^uEwteMWhtEwxC 

i  o  —  o  —  Qo—oa-oooo-fi-o  —  a.o  o  —  o  —  a  o—  ooooo  —  oo  — 

U.U114.  |^U.k^U.UU.U.X'JUI».W^U.  !»,  w  U.  ’/  1  k(fflj.U.-ll>.li.|fl4.'JM 

00 


a.  u  -  — 

-■•-'CO 
W  I-  1  J3 

-•  u  o  u  a 
O  «  U.  u  u  W 


—  W  UJ  UJ  g  - 

-•  —  00  E  I 

0C  C  3  3  •—  ■  C  | 

C  —  £  X  *  >.  — ■  <g  u  t 

—  COCOOCCCW  c  C  etc  -  ««  -  till 

*-occ5oo.cocjooco*j—  c-ot 

C  —  —  —  —  —  —  'J  -  -  -  C  --  3  c  b.  ( 

3  u  u  w  ti  u  w  3Cwwwu4l'-OtlO<l 
OflCClfl<fl<*>,3<3«<«C'OU.ZOb.  0 
o  —  3  a  —  —  —o-wk  —  —  3  —  <u  n  o«E 

U  3  0  0  3  3  3ivC  3  3  0  3,-.C<'-  3  .1 

<EoogEEk*  S  E  U  E  •«  O  —  C  . 

—  >>  f 

(A<<V)U)<Ar>JMtfl<V)OIL  002 


w  >  • 

c  S  C  U 

a  <t  «•  — 

O  z  -  J  <  • 


4j  m  u-  g  O.  u 

at  c  o  <fl  w  u 

O  CO  — 

n  a.  </>  >.(_•< 

c  fl  —  o 

o  O  «  -3-0 

-  3  >.—  c  o 

*j  —  -i  i  a< 

<o  —  *  u  ec  -C 

u  q  e  u  j< 

*  >  <  c  v  y 

o.  m  4i  z  o 


tJ  00  u  u  u 

c  n  3  -  u  «->  ' 

>s  o  u  w  o  i 

ts>  n  o  —  v 

ki  -  U  UJ 
—  —  TJ 
<  O  —  O  — 

C  <0  «t  <0 

—  C  W  jC  b.  t 

■9  Q  1u  ^  a 

>  o  C  O  C  I 

V  y  U  O  j. 


u  a-  a.  a. 

U  t*  I-  W 

—  o  o  o 

<  •_>  U  U 

01 

3  U  3  33 

at  w  c  c  c 

4<  O  *0  'O  T 

c  ^  x  oc  ac 

U  b  tl  C  V 

5;ffc 


>  U  U  U  b. 
4—  —  —  — 

z  <  <  <  < 


ti  oc  m  &  a 

—  O  C  u  U 

—  _J  —  O  3 


3  ;;ec 


•  Ot  Ot  O'  •  0»  • 

euuuco*3C 

£S  S  S£S  Z£ 

L  II  Ui  I*.  X 
s  •  •  J*  ■ 

•  CMfcuCbue 

i  <y  —  —  —  Ot  —  o  41 

:  o  «<  <  < 


'60.30.E0.JE 

coooco—e 

,  <  £ 

■  -3  —  *3  *3  TJ 

:  —  cotC  —  cot  — 

ifl(3C>«3WOI<0 

>  u  ot  c  at  t<  a  x  k. 

I  U  O  01  JSt  o 

COiOOCOUC 
I  OtX^X  O^c  O  01 


u»  :<  IW]r  E  E  El.  rj<0-<2ptJZac<i’-i«  tor  JO.g(a.^j:Lj«x 

—  ujE  wEuj  <  ^  T.  uj  f  o  j  C  -  EEe-2.<  -CouJEi-:„'<<rE 

3Coe  00<  O  WuJ  -  5.  VJ  <  'w  >.  <  U  .uutal*.tCM».« 


Type  II  models  can  be  used  to  generate  estimates  for  a  cost  element 
in  the  type  I  model.  This  is  done  by  using  CEBs,  regression  analysis, 
or  some  averaging  process  over  a  known  data  base. 

The  remainder  of  this  section  on  "Present  Model  Technology"  will 
describe  three  operating  and  support  cost  models  that  are  currently  used 
by  the  Air  Force.  The  first  and  second  models,  MACE  and  CAIG,  are  both 
type  I  models.  The  third  model,  LSC,  is  a  type  II  model.  All  three 
models  will  be  described  by  defining  the  cost  equations  of  each  and  by 
explaining  the  overall  purpose  for  each  model.  These  three  models  will 
be  used  to  formulate  the  Advanced  RPV  model  in  Chapter  V. 

Missile  Annual  Cost  Estimating  (MACS)  Model. ^  The  MACE  model  was 
developed  to  obtain  "typical"  strategic  missile  squadron  operating  and 
support  costs  and  for  cost  effectiveness  comparisons  between  weapon 
systems.  This  model  was  patterned  after  the  Cost  Analysis  Cost  Estimating 
(CACE)  Model  for  aircraft.  Certain  changes  were  made  to  the  CA.CE  Model 
to  allow  for  missile-unique  operating  costs.  As  previously  mentioned, 
the  MACE  Model  is  a  type  I  model  that  aggregated  all  the  costs  elements 
for  a  total  weapon  system  operating  and  support  cost.  A  listing  of  the 
cost  elements  is  shown  in  Table  III  and  an  explanation  of  each  cost  element 
is  presented  in  Appendix  A. 


~^USAF  Cost  and  Planning  Factors  (U) .  Cost  Analysis,  AFR  173-10,  Volume  1, 
(6  February  1975). 
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TABLE  III:  MISSILE  ANNUAL  COST  ESTIMATING  MODEL  (MACE) 

Cost  Elements 


I.  Recurring  Investment  &  Miscellaneous  Logistics 

A:  Peculiar  Age 
B:  Maintenance-Missile 
C :  Depot  Maintenance 

D:  Modification,  Class  IV  (Inc,  Initial  Spares) 
E:  Replenishment  Spares 
F:  Operational  Missile  Test  &  Analysis 
G:  Vehicular  Equipment 

II,  Pay  *  Allowance  (P  &  A) 

Ht  Military 
I «  Civilians 

III.  BOS/RPM,  Support  of 

J:  PPE  Manpower 
K:  BOS/RPM  Manpower 

IV.  Medical,  Support  of 

Lt  Officers 
M  t  Airmen 

V .  Personnel  Support 

N:  Permanent  Change  of  Station-Officers 
0:  Permanent  Change  of  Station-Airmen 

VI.  Pipeline  Costs 

Pi  Acquisition-Officers 
Qt  Acqusition-Airmen 
R:  Training-Officers 
Si  Training-Airmen 


or 

Coat  Analysis  Improvement  Group  ( CAIG)  Model.  The  aodel  developed 
by  the  Coat  Analysis  Improvement  Group  (CAIG)  is  a  foraal  requirement  for 
DSARC/DCP  operating  and  support  cost  visibility.  It  is  a  typical  type  I 
aodel  that  gives  an  account  of  the  existing  system  principally  based  on 
factors  which  relate  to  historical  costs  of  coaparable  systems.  A  useful 
characteristic  of  this  aodel  is  that  it  takes  into  account  the  uncertain¬ 
ties  in  future  0  &  S  costs  by  presenting  the  costs  as  ranges  of  estimates. 
The  aodel  is  a  summation  of  24  cost  elements  as  shown  in  Table  IV.  An 
explanation  of  each  cost  element  is  given  in  Appendix  B. 

Logistics  Support  Cost  (LSC)  Model. ^  The  LSC  model  is  a  type  II 
aodel  that  is  used  to  estimate  the  expected  support  cost  that  aay  be 
incurred  by  selecting  a  specific  design.  The  aodel  is  used  to  compare 
and  discriminate  among  alternative  designs  where  the  relative  difference 
in  cost  is  the  prime  measure  of  selection.  Thus,  the  aost  important  aspect 
of  the  LSC  model  estimates  is  the  magnitude  of  the  cost  difference  between 
two  design  alternatives.  The  aodel  is  made  up  of  ten  equations,  each 
representing  a  specific  resource  cost  required  to  operate  the  given  logis¬ 
tics  system.  Then  the  aodel  sums  up  these  equations  to  give  the  expected 
major  resource  costs  associated  with  the  logistics  experienced  during 
operation  and  maintenance.  Table  V  summarizes  the  ten  cost  elements  and 
Appendix  C  defines  each  element  as  given  in  the  LSC  Model  Peer's  Handbook. 
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Operating  and  Support  Cost  Estimates— Aircraft  Systems  Cost  Development 
Guide.  Defense  Systems  Acquisitions  Review  Council.  CMav  1974'). 

^Logistics  Support  Cost  Model  User's  Handbook.  (January  1974). 
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TABLE  IV 


COST  ANALYSIS  IMPROVEMENT  GROUP  MODEL  (CAIG) 
Cost  Elements 


I .  Squadron  Operations 

As  Combat  Command  Staff  Manpower 
B:  Aircrew  Manpower 
Cs  Base  Aircraft  Maintenance  Manpower 
D:  Base  Munitions  Maintenance  Manpower 
Es  Aircraft  Security  Manpower 
F:  Aviation  POL 

Gs  Base  Aircraft  Maintenance  Materiel 
Hs  Miscellaneous  Personnel  Support 

II.  Base  Operating  Support 

I:  Base  Services  Manpower 
J :  Miscellaneous  Personnel  Support 

III,  Logistics  Support 

K:  Deoot  Maintenance  Manpower  and  Materiel 
Lt  Supply  Depot  Manpower  and  Materiel 
Ms  Second  Destination  Transportation 

IV.  Personnel  Support 

Ns  Recruit/Technical  Training  Manpower 
0:  Undergraduate  Pilot/Navigator  Training 
Ps  Medical  Manpower 
Q:  Medical  Materiel 
Rs  Permanent  Change  of  Station  (PCS) 

S:  Miscellaneous  Personnel  Support 

V.  Recurring  Investment 

T:  Replenishment  Spares 
Us  Recurring  (Class  IV)  Modifications 
Vs  Common  Aircraft  Ground  Equipment 
Ws  Training  Munitions 
Xs  Training  Missiles 
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TABLE  V 

LOGISTICS  SUPPORT  COST  MODEL  (ISC) 

Cost  Elements 

1.  Initial  9t  Replacement  Spares  Cost 

2.  On-Equipment  Maintenance  Cost 

3.  Off-Equipment  Maintenance  Cost 

4.  Inventory  Entry  9c  Supply  Management  Cost 

5.  Cost  of  Support  Equipment  (Age) 

6.  Cost  of  Personnel  Training  &  Training  Equipment 

7.  Cost  of  Management  &  Technical  Data 

8.  Cost  of  New  Facilities 

9.  Cost  of  Fuel 

10.  Cost  of  Spare  Engines 
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Comparison  ef  Cost  Medela 


A  comparison  of  ths  MACS  and  DSARC/CAXG  models  reveals  that  they  are 
similar  enough  to  be  capable  of  giving  comparable  estimates  of  operating 
costs.  The  principle  differences  between  the  two  models  are  the  followings 

1.  Personnel  in  the  primary  program  element  are  grouped  differently 
in  the  two  models, 

2.  The  DSABC/CA1G  model  explicitly  includes  depot  maintenance  man¬ 
power  and  materiel,  supply  depot  maintenance  manpower  and  material, 
and  second  destination  transportation  as  part  of  the  logistics  costs. 
The  MACS  model  uses  a  non-flying  hour  factor  to  estimate  depot  main¬ 
tenance  costs.  It  is  not  clear  whether  the  MACE  factors  include  the 
same  elements  as  are  explicitly  included  in  the  DSARC/CAIG  model. 

3.  In  the  planning  additives,  the  MACE  model  Includes  a  term  for 
vehicular  and  other  support  costs. 

The  ISC  model  provides  greater  detail  In  its  estimation  of  mainte¬ 
nance  related  costs  than  does  either  the  MACE  or  the  DSARC/CAIG  model. 

This  is  both  by  virtue  of  its  breakout  to  the  line  replaceable  unit  (LRU) 
level  and  its  more  detailed  breakout  of  maintenance  cost  categories.  It 
is  noted  that  the  LSC  model  combines  fixed  investment  costs  with  recurring 
costs.  It  further  breaks  these  down  into  personnel  and  material  costs,  and 
separates  costs  at  the  organizational.  Intermediate,  and  depot  levels. ^ 
Before  proceeding  into  the  development  of  a  squadron  concept  in  which  to 
apply  the  above  findings,  there  are  several  weapon  system  characteristics 
that  should  be  defined. 

37 

Life  Cycle  Cost  Analysis  Support  (Phase  I)  for  Compass  Cope.  (April  1975) 
p. 
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Definition  of  Weapon  System  Characteristics 

There  are  certain  fundamental  concepts  and  relationships  that  should 
be  established  before  a  reasonable  squadron  concept  for  the  Advanced  RPV 
can  be  developed.  These  concepts  and  relationships  form  the  basis  upon 
which  the  operations  and  maintenance  policies  will  be  formulated  in 
chapter  IV.  Each  of  these  concepts  will  be  defined  and  discussed  in 
relation  to  the  way  they  will  be  applied  in  the  squadron  concept.  What 
follows  is  one  way  to  describe  these  fundamental  concepts  and  relation¬ 
ships. 

Design  Adequacy 

"System  design  adequacy  is  the  probability  that  a  system  will  suc¬ 
cessfully  accomplish  its  mission,  given  that  the  system  is  operating  within 
design  specifications."-^  The  probability  itself  is  a  function  of  such 
variables  as  system  accuracy  under  the  conditions  of  use,  the  mission  to 
be  accomplished,  the  design  limits,  system  inputs,  and  the  influence  of 
the  operator.  The  important  implication  of  this  concept  for  the  ARPV 
is  that  the  vehicle  will  be  designed  for  multiple  missions  (i.e.  Recon¬ 
naissance,  Electronic  Warfare,  and  strike).  This  requirement  will 
necessitate  tradeoffs  in  performance  requirements  for  the  different 
missions.  The  compromise  in  performance  requirements  may  cause  the  final 
design  of  the  ARPV  to  have  an  increased  probability  of  mission  failure 
for  any  one  or  all  of  the  mission  profiles. 

Reliability 

"Reliability  is  the  probability  that  a  system  will  perform 

OQ 

J  Weapons  Guidance  Labortory  Reliability  Training  Program.  ARINC  Research 
Corporation,  AF  33(600)-40259,  (November  15  -  December  15,  I960),  p.  1-8, 
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satisfactorily  for  at  least  a  given  period  of  time  when  used  under 
39 

stated  conditions.'  Thus,  reliability  relates  to  the  frequency  with 
which  failures  occur.  Here  failure  means  unsatisfactory  performance  as 
determined  by  an  operator  or  a  maintenance  man.  This  reliability  term 
refers  to  the  system  or  a  piece  of  equipment.  Another  term,  called 
Mission  Reliability,  is  defined  as  "the  probability  that  the  system 
will  operate  in  the  mode  for  which  it  was  designed  for  the  duration  of 
a  mission,  given  that  it  was  operating  in  this  mode  at  the  beginning  of 
the  mission."  Mission  reliability  thus  defines  the  probability  of  non¬ 
failure  of  the  ARPV  for  the  period  of  time  required  to  complete  a  mission. 
The  probability  is  expressed  as  a  point  on  the  reliability  function  corre¬ 
sponding  to  a  time  equal  to  the  mission  length. 

Maintainability 

"Maintainability  is  defined  as  the  probability  that  a  failed  system 

41 

is  restored  to  operable  condition  within  a  specified  total  down  time." 

This  concept  can  be  influenced  by  the  following!  1)  the  ability  to 
isolate  a  failure  to  the  removable  unit  or  to  an  on-equipment  action  at 
the  flight  line,  2)  the  accessibility  of  equipment,  3)  the  removal  and 
replacement  operations,  4)  the  queueing  for  maintenance  and  spares,  5) 
the  reliability  of  AGE,  6)  the  adequacy  of  technical  data,  and  7)  the 
skill  levels  of  personnel. 

39 

^Tbid,  p.  1-7. 
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Ibid,  p.  1-10. 
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Down  Time 


"Down  time  is  the  total  time  during  which  the  system  is  not  in 

42 

acceptable  operating  condition."  This  concept  can  be  subdivided,  as 
shown  in  figure  3,  into  the  following! 

1.  Active  Repair  Timet  that  portion  of  down  time  during  which 
one  or  more  technicians  are  working  on  the  system  to  effect  a 
repair. 

2.  Logistic  Timet  that  portion  of  down  time  during  which  repair 
is  delayed  solely  because  it  is  necessary  to  wait  for  a  replace 
ment  part  from  another  subdivision  of  the  logistics  system. 

3.  Administrative  Timet  that  portion  of  down  time  not  included 

43 

under  active  repair  time  and  logistic  time. 


Figure  3. 


Subdivisions  of  Down  Time 
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42Ibld.  p.  1-14. 

43 

JIbid. 

44 

Ibid,  p.  1-16. 
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Availability 

"The  availability  of  a  system  or  equipment  is  the  probability  that 

it  is  operating  satisfactorily  at  any  point  in  time  when  used  under 

stated  conditions,  where  the  total  time  considered  includes  operating 

45 

time,  active  repair  time,  administrative  time,  and  logistic  time." 

This  concept  is  different  from  operational  readiness  in  the  categories 
of  time  that  are  included,  as  shown  in  figure  4. 


Availability 


Operating  Time 
(Reliability) 

Down  Time 

(Maintainability 

Figure  4.  Subdivisions  of  Availability^ 


Operational  Readiness 

"The  operational  readiness  of  a  system  or  equipment  is  the  proba¬ 
bility  that  at  any  point  in  time  it  is  either  operating  satisfactorily 

or  ready  to  be  placed  in  operation  on  demand  when  used  under  stated 
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conditions,  including  stated  allowable  warning  time."  Thus,  total 


calendar  time  is  the  basis  for  computation  of  operational  readiness. 


A 


This  concept  differs  from  availability  in  that  operational  readiness  as 
shown  in  figure  5»  includes  both  free  time  and  storage  time.  "Free 
time  is  the  time  during  which  operational  use  of  the  system  is  not  re¬ 
quired.  This  time  may  or  may  not  be  down  time,  depending  on  whether  or 
not  the  system  is  in  operable  condition.  Storage  time  is  the  time  during 
which  the  system  is  presumed  to  be  in  operable  condition,  but  is  being 

ilQ 

held  for  emergency — ie.,  as  a  spare." 
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Figure  5.  Subdivisions  of  Operational  Readiness 


System  Effectiveness 

"System  effectiveness  is  the  probability  that  the  system  can  success 
fully  meet  an  operational  demand  within  a  given  time  when  operated  under 
specified  conditions,"^  It  is  shown  in  figure  6  that  effectiveness  is 
influenced  by  the  way  the  equipment  was  designed  and  built.  However, 
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Ibid,  p.  1-5. 
^Ibid,  p.  1-16. 
5°Ibid.  p.  1-5. 
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just  as  Important  are  the  ways  the  equipment  is  used  and  maintained. 

In  other  words,  system  effectiveness  can  be  materially  influenced  by 
the  design  engineer,  the  production  engineer,  the  operator,  and  the 
maintenance  man.  It  can  also  be  influenced  by  the  logistic  system  that 
supports  the  operation,  and  by  the  administration  through  personnel  policy 
rules  governing  equipment  use,  fiscal  control,  and  many  other  administra¬ 
tive  policy  decisions. 


Figure  6.  Subdivisions  of  System  Effectiveness^^ 


In  figure  7,  which  follows  on  the  next  page,  the  concepts  and 
relationships  described  in  this  last  section  are  summarized. 


51 Ibid,  p.  1-16. 
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Summary 

Chapter  III  presented  the  background  of  information  on  current 
operating  and  support  cost  technology  that  will  be  used  to  develop  an 
ARPV  squadron  concept  and  0  4  S  cost  model.  The  present  status  of 
0  *  S  cost  estimating  was  discussed  in  light  of  the  increasing  cost 
consciousnous  of  Congress  and  the  Department  of  Defense.  Next,  the 
difficulty  of  preparing  accurate  0  &  S  cost  estimates  was  examined. 
This  was  attributed  primarily  to  the  lack  of  a  formal  data  collection 
system  that  collected  0  4  S  cost  data  by  specific  weapon  system.  Then 
some  current  modeling  techniques  were  described,  along  with  three  cur¬ 
rent  cost  models  which  are  used  by  the  Department  of  Defense.  These 
were  the  MACE,  CAIG,  and  LSC  Models.  In  the  final  section,  several 
fundamental  concepts  and  relationships  were  given  to  aid  in  describing 
a  weapon  system.  These  concepts  were  design  adequacy,  reliability, 
maintainability,  down  time,  availability,  operational  readiness  and 
system  effectiveness.  These  will  be  used  in  chapter  IV  to  develop 
an  ARPV  squadron  concept. 


CHAPTER  IV s  ADVANCED  REMOTELY  PILOTED  VEHICLE  (ARPV)  SQUADRON  CONCEPT 


This  chapter  will  present  a  conceptual  view  of  an  Advanced  Remotely  Pi¬ 
loted  Vehicle  (ARPV)  Squadron.  Specific  areas  that  will  be  discussed  axe 
1)  basing  assumptions,  2)  squadron  structure,  3)  mission  profiles,  4)  ARPV 
subsystems,  5)  operations  concept,  6)  maintenance  concept,  and  7)  personnel 
and  training  requirements.  The  information  developed  in  this  chapter  will 
be  used  in  developing  and  analyzing  the  ARPV  Operating  and  Support  (0  4  S) 
cost  model  presented  in  Chapter  V.  The  primary  sources  of  information  used 
to  develop  the  above  areas  are  from  contract  proposals  and  studies  by  in¬ 
dustry,  from  the  ARPV  program  manager  and  other  RPV  program  office  personnel, 
and  from  four  years  of  experience  received  by  this  writer  on  a  Strategic  Air 
Command  (SAC)  Titan  II  missile  crew. 

Basing  Assumptions 

The  ARPV  Squadrons  will  be  deployed  primarily  in  Europe  at  three  bases 
facing  the  Warsaw  Pact  nations.  These  bases  will  provide  the  essential  sup¬ 
port  functions  required  to  maintain  the  operational  units.  The  operational 
activities  such  as  command  and  control,  launch,  and  recovery  will  take  place 
some  distance  away  from  the  bases  and  at  a  specified  distance  from  the  for¬ 
ward  edge  of  the  battle  area  (FEBA).  The  respective  bases  would  house  the 
squadron  personnel  and  maintenance  facilities.  In  addition,  a  fourth  base, 
located  in  the  continental  United  States,  would  be  used  primarily  as  a  train¬ 
ing  base  for  all  ARPV  Squadron  personnel.  This  means  that  all  personnel  as¬ 
signed  to  an  ARPV  squadron  in  Europe  would  be  trained  first  at  the  base  lo¬ 
cated  in  the  United  States.  Also,  Air  Force  reserve  units  would  be  trained 
there  in  ARPV  operations  so  that  these  units  could  be  flown  to  Europe  as 
reinforcements  should  an  emergency  arise. 


Squadron  Structure 

The  structure  of  the  ARPV  Squadron  should  be  designed  to  optinize  the 
nuaber  of  personnel  required,  while  at  the  sane  tiae,  ensuring  that  its 
capability  to  perforn  its  functions  is  maintained  at  an  acceptable  level. 

The  basic  structure  should  consist  of  an  operations  division  and  a  aaln- 
tenance  division.  This  ARPV  Squadron  structure  would  include,  as  a  ainlsua, 
the  units  named  in  figure  8, 


Figure  8.  ARPV  Squadron  Structure 
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M ission  Profiles 


The  ARPV  Squadron  will  be  required  to  maintain  the  capability  to  fly 
three  distinct  mission  profiles.  These  are  the  reconnaissance,  electronic 
warfare  (EW),  and  the  strike  missions.  For  this  study,  each  mission  profile 
will  account  for  one- third  of  the  assigned  missions.  That  is, one-third  of 
the  assigned  ARPVs  will  be  flown  on  reconnaissance  missions,  one-third  of 
the  assigned  ARPVs  will  be  flown  on  EW  missions,  and  the  remaining  one- 
third  will  be  flown  on  strike  missions.  This  assumption  was  made  with  the 
concurrence  of  the  ARPV  program  manager  in  order  to  simplify  the  0  Sc  S 
cost  model  and  at  the  same  time  consider  the  three  distinct  mission  profiles. 

The  reconnaissance  missions  will  be  flown  to  locate  and  evaluate  enemy 
positions  and  capabilities  and  to  assess  battle  damage.  The  EW  missions 
will  provide  communications  jamming  and  signal  interceptions.  The  strike 
mission  will  provide  the  capability  to  seek  out  a  target,  evade  defenses, 
and  destroy  enemy  targets. 

Advanced  RPV  Description 

This  section  describes  a  concept  for  the  ARPV  and  illustrates  this  con¬ 
cept  by  several  figures  designed  by  various  contractors  who  have  been  doing 
conceptual  studies  on  the  ARPV,  The  concept  consists  of  the  airframe,  the 
propulsion,  and  the  avionics  subsystems.  In  figure  9,  an  illustration  of 
the  ARPV  is  shown,  A  modular  design  feature  is  presented  that  will  enable 
rapid  replacement  of  components  and  allow  for  remote  repair  of  these  compo¬ 
nents.  The  illustration  also  shows  a  removable  engine  that  is  easily  acces¬ 
sible  for  on  vehicle  maintenance  and  adjustments.  In  figure  10,  the  avionics 
compartment  design  demonstrates  a  concept  that  enables  rapid  replacement  and 
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REMOVABLE  ENGINE 


EOUIPMFNT  MODULE 

53 

Figure  9.  Advanced  RPV  Mockup  Concept 
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^Conceptual  Phase  Proposal  for  the  Advanced  RPV.  Northrop  Corporation; 
Ventura  Division,  (February  1975)*  P.  3-37. 


reconfiguration  of  equipment.  Specific  design  characteristics  of  the  avi¬ 
onics  compartment  are  one-deep  line  replaceable  units  (LRU),  slide  in/out 
standard  boxes,  rack  and  panel  connectors,  and  generous  amount  of  accessible 
handles. 


o  One-Deep  LRUs 
o  Slide  In/Out  Standard  Boxes 
o  Rack  and  Panel  Connectors 
o  Generous  Handles 

Figure  10.  ARPV  Design  Concept"^ 


The  basic  design  of  the  ARPV  contributes  to  the  ease  and  speed  of  per¬ 
forming  maintenance  on  the  vehicle.  Figure  11  summarizes  some  of  the  main¬ 
tainability  design  features  that  the  ARPV  would  have  with  the  above  design 
concept.  A  maintenance  benefit  is  then  described  for  each  subsystem  design 
feature. 


Ibid,  p.  3-171. 


■9 


FEATURE 

MAINTENANCE  BENEFIT 

AIRFRAME 

Modular  Design 

Line  Replaceable  Units  Emphasised. 
Rapid  Component  Replacement. 

Remote  Repair  of  Components. 

Access  for  X-Ray,  Boroscope  and 
Chen leal  Nondestructive  Inspec¬ 
tion. 

Positive  Structural  Integrity  deter¬ 
mination.  Minimal  Disassembly  re¬ 
quired. 

Sized,  Quick  Opening,  Ground- 
Level  Panels  and  Doors 

Better  inspections,  easier  on  air¬ 
craft  maintenance.  Reduced  remov¬ 
als  for  access.  Minimal  age. 

Single  Trldalr-Type,  Quick  Open¬ 
ing  Fasteners  and  Latches. 

Rapid  Access.  Reduced  Fastener/ 
Latch  Spares.  Easy  Fastener  Re¬ 
placement  and  Repair. 

Sub-Door  Panels  in  Large  Panels 
and  Doors. 

Reduce  Need  to  Open  Large  Doors  and 
Stress  Panels. 

Equipment  Placement  Dispersal 
for  Concurrent  Maintenance. 

Simultaneous  Maintenance, 

Minimum  Interference. 

AVIONICS 

Palletized  Mission  Equipment 

Rapid  Replacement  and  Reconfigura¬ 
tion. 

Replaceable  Units 

Shop  Precalibrated.  Rapid  On- 
Aircraft  Repair. 

Ground-Level  Access 

Reduced  Age. 

One-Deep  Installation. 

Reduced  Removals  for  Access. 

Built-In  Test  Equipment  (BITE) 

Rapid  Fault  Isolation. 

Slide  Rack  Mounted. 

Immediate  Accessibility 

Plug-In  Connections . 

Irreversible  Connections. 

Figure  11 

Maintainability  Design  Features^ 
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Operations  Concept 

The  operational  concept  is  developed  from  the  baseline  assumptions  made 
by  this  writer  for  the  ARPV  Squadrons.  These  baseline  assumptions  are  the 
following: 

1)  The  total  force  of  ARPVs  will  number  450.  These  will  be  located 

at  three  bases  in  Europe  and  one  base  in  the  United  States.  The  distribution 
of  ARPVs  will  be  135  vehicles  at  each  European  base  and  45  at  the  U.  S.  base. 

2)  Each  European  base  will  maintain  50  ARPVs  in  various  stages  of  op¬ 
erational  readiness.  Four  ARPVs  will  be  ready  for  launch  within  one  hour  of 
notification.  These  vehicles  will  be  maintained  at  the  launch  area  and  moni¬ 
tored  by  the  launch  crew  in  a  control  center.  An  additional  eight  ARPVs  will 
be  ready  for  launch  at  three  hours  after  initial  notification.  The  remaining 
38  will  be  ready  for  launch  within  24  hours  of  initial  notification. 

3)  The  remaining  85  ARPVs,  located  at  each  base,  will  be  disassembled 
and  stored  for  future  use.  These  ARPVs  will  be  required  to  be  operationally 
ready  for  launch  within  72  hours  of  initial  alert  notification.  Within  this 
72  hours,  an  additional  contingent  of  15  vehicles  will  be  flown  in  from  the 
United  States  for  a  total  ARPV  force  of  150  vehicles  at  each  European  base. 

4)  The  total  number  of  personnel  at  each  European  base  will  be  suffi¬ 
cient  to  maintain  the  operational  requirements  of  the  first  group  of  50 
ARPVs.  After  an  alert  notification,  additional  personnel  from  the  base  in 
the  United  States  would  be  flown-in  within  72  hours.  Most  of  these  addi¬ 


tional  personnel  would  be  Air  Force  reservists  called  to  active  duty  for 
that  alert  situation.  Total  personnel  would  then  be  capable  of  maintaining 
the  force  of  150  ARPVs  for  an  indefinite  period. 


5)  Thera  would  he  four  ARP Vs  maintained  at  the  launch  area  at  all  times. 
Each  of  these  vehicles  would  be  on  launch  pad  alert  for  two  weeks.  A  sche¬ 
dule  would  be  nade  whereby  two  new  ARPVs  would  be  rotated  onto  launch  pad 
alert  every  week.  The  two  new  ARPVs  that  were  replaced  would  be  aoved  to 

an  auxiliary  launch  area  and  flown  on  a  training  mission.  The  total  number 
of  training  missions  would  be  eight  per  month  and  about  50  per  six  month 
period.  Thus,  the  entire  group  of  ARPVs  in  ready  storage  (50  vehicles) 
would  be  on  launch  pad  alert  four  weeks  per  year  and  would  be  flown  on  train¬ 
ing  missions  twice  per  year.  These  training  missions  would  enhance  both  the 
capability  of  the  launch  crews  and  the  reliability  of  the  vehicles. 

6)  Launch  and  recovery  procedures  would  be  carried  out  in  a  location 
close  to  the  FEBA.  Launch  control  would  be  maintained  by  a  crew  on  duty  at 
all  times  in  a  mission  control  center  (MCC).  Additional  mobll  MCCs  could 
be  provided  in  an  alert  situation.  A  launch  and  a  recovery  area  would  be 
close  together  to  facilitate  the  turnaround  times  of  the  ARPVs. 

Maintenance  Concent 

For  the  purpose  of  this  thesis,  the  maintenance  concept  for  the  ARPV 
is  based  upon  the  following  assumptions i 

1)  Each  base  will  have  the  capability  to  perform  maintenance  on  the 
vehicles  at  the  launch  and  recovery  areas.  This  maintenance  will  include 
servicing,  checkout,  and  inspection  of  systems  prior  to  launching  the  vehicles. 
This  capability  includes  ARPVs  that  are  on  alert  and  those  ARPVs  that  have 
recently  been  recovered  and  are  required  to  be  relaunched. 

2)  The  ARPV  will  be  designed  with  ease  of  maintenance  in  mind.  Vari¬ 
ous  subsystems  such  as  engines,  avionics,  and  airframe  components  will  be 
capable  of  changeout  in  a  more  timely  manner  than  was  the  case  with  past 
weapon  systems.  The  design  concept  of  modularity  will  be  used  throughout 
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the  ARP V's  avionics  and  ground  support  equipment  to  reduce  on- vehicle 
maintenance  and  optimize  total  turnaround  cycle  cost. 

3)  The  maintenance  depot  will  be  located  in  the  United  States  and 
will  provide  all  necessary  depot  functions  for  all  four  operating  bases. 

4)  Organizational  level  maintenance  will  develop  a  preventive  main¬ 
tenance  approach  for  the  entire  inventory  of  ARFVs.  This  will  include  the 
operational  vehicles  and  the  disassembled  vehicles  maintained  in  storage 
locations  on  each  base. 

The  above  assumptions  are  illustrated  in  Figure  12  where  the  sequence 
of  maintenance  functions  is  shown  that  must  be  performed  in  order  to  prepare 
the  recovered  ARPV  for  relaunch.  This  turnaround  cycle  is  critical  to  the 
effectiveness  of  the  ARPV  system.  It  involves  many  trade-offs  in  the  initial 
system  design  to  minimize  time  lines  and  maintenance  costs.  For  this  thesis, 
it  is  assumed  that  the  requirement  for  minimum  turnaround  time  and  the  cost 
of  hardware  and  software  have  been  optimized.  In  Figure  13,  the  ground 
function  flow  is  shown  that  the  ARPV  follows  when  it  is  recovered  and  recycled 
for  launch. 
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Figure  12, 


The  Turnaround  Cycle 
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CJL 

^Advanced  RPV  Conceptual  Phase  Proposal,  Teledyne  Ryan  Aeronautical, 
(February  1975),  p.  F-129. 


54 


Advanced  RPV.  Northrop  Corporation,  Ventura  Division,  (February  1975) 


Personnel  and  Training 

This  section  will  develop  the  personnel  and  training  requirements  for 
the  ARPV  Squadron.  First,  the  crew  composition  and  crew  ratio  will  be  pre¬ 
sented  and  then  the  maintenance  manpower  requirements  will  be  developed. 

Before  going  further,  an  explanation  of  the  assumed  policy  on  personnel 
costs  for  the  ARPV  Squadron  will  be  given. 

A  major  part  of  the  operating  and  support  costs  of  the  ARPV  will  be  the 
costs  attributed  to  personnel.  In  Figure  14,  Life  Cycle  Costs  are  given  in 
which  total  costs  of  developing,  acquiring,  operating  and  supporting  candi¬ 
date  ARPV  systems  can  be  compared.  Column  II  shows  a  system  in  which  mini¬ 
mum  acquisition  costs  were  pursued  causing  increased  maintenance  and  personnel 
costs.  Column  I  shows  that  lowsr  Life  Cycle  Costs  were  obtained  through  les¬ 
ser  use  of  personnel,  higher  acquisition  costs  through  higher  equipment  relia¬ 
bility,  and  lower  maintenance  cost  through  higher  maintainability  of  the 
systems.  For  this  thesis  the  ARPV  system  represented  in  column  I  was  assumed. 

The  following  baseline  assumptions  for  personnel  requirements  are  madei 

1)  The  ARPV  crew  is  composed  ofi 

Senior  Controller  (officer) 

Deputy  Controller  (officer) 

Guidance  Technician  (airman) 

Communications  Technician  (airman) 

2)  Total  number  of  alert  hours  assigned  to  crews  per  month i 


Requirement  exists  for  a  primary  crew  and  a  standby  crew  to  be 
assigned  for  each  24  hour  period. 

one  primary  crew  -  one  standby  crew  -  2  x  730  hours/month  ■  1460  hours/ 

month 
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40* 

40* 

Personnel 

Personnel 

AGE 

AGE 

Training 

Training 

Maintenance 

Maintenance 

Spares 

—  _ _ _ 

Spares 

RET  A  E 

RET  A  E 

^  - - - ■  -  ^ 

Vehicle 

Acquisition 


Vehicle 

Acquisition 


3)  Ground  alert  duty  for  each  crew  per  month* 


5  primary  alerts  (24  hours/alert)  *  120  hours 
1  standby  alert  (24  hours/alert)  =  24  hours 
Simulator  Training  *  3  hours 
System  Training  (classroom)  *  3  hours 
Non-crew  duty  ■  10  hours 


Total  -  160  hours/month 


4)  Total  number  of  crews i 


■  10.14  or  approximately  11  crews 


11  crews  for  line  duty 
2  Standardization  Crews 
2  Instructor  Crews 

15  Total  crews 


2  officer/crew  x  15  =*  30 
2  airmen/ crew  x  15  -  30 

Total  personnel  -  60 


1460  alert  hours  assigned 
144  crew  alert  hours/month 


5)  Crew  Ratio  per  ARPVj 


50  ARPVs 


.3  crews  per  ARPV 


6)  Total  Maintenance  Manpower* 

(a)  Productive  manhour  requirement* 
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(50  ARPV/Squadron)  x  (60  Wartime  sorties/month)^  x  (  2  fly¬ 
ing  hours/wartlae  sortie)^®  x  (3  maintenance  M.H. /flying  hours) 
x  (1.15  add-on  peresntage  for  maintenance  of  ARFV  ground  equip- 

sent)  x  (1.10  add-on  percentage  for  maintenance  supervision) 
-  22,770  nan  hours 


(b)  Maintenance  personnel  requirements 


22.770 _ 

145.2  available  manhours/man/month 


157  personnel 


157  x  .02  officer^  “  3  maintenance  officers 


157  x  .98  airmen  %  ■  154  maintenance  airmen 


7)  Total  Military  Manpower 


10  Combat  Command  Officers 
20  Combat  Command  Airmen 
30  ARPV  Crew  Officers 
30  ARPV  Crew  Airmen 
3  Maintenance  Officers 
154  Maintenance  Airmen 
2  Munitions  Maintenance  Officers 
43  Munitions  Maintenance  Airmen 
24  Security  Police  Airmen 


316  Total  Military  Personnel 


'Estimates  derived  from  discussion  with  ARPV  program  personnel. 
Vbid. 

LIbld. 


Operating  and  Support  Cost  Estimates— Aircraft  Systems  Cost  Development 
Guide.  Defense  Systems  Acquisitions  Review  Council.  (May  1974).  t>.  31. 
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Summary 

This  chapter  presented  an  Advanced  RPV  Squadron  concept  upon  which  an 
Operating  and  Support  Cost  model  will  he  developed.  The  areas  that  were 
discussed  were  1)  basing  assumptions,  2)  squadron  structure,  3)  mission  pro¬ 
files,  4)  ARPV  subsystems,  5)  operations  concept,  6)  maintenance  concept, 
and  7)  personnel  and  training  requirements.  Several  crew  and  maintenance 
manpower  estimates  along  with  total  military  manpower  estimates  were  derived 
for  use  in  the  model  to  be  presented  in  Chapter  V. 


CHAPTER  V:  ADVANCED  REMOTELY  PILOTED  VEHICLE 


OPERATING  AND  SUPPORT  COST  MODEL 

This  chpater  will  present  an  Operating  and  Support  (0  A  S)  Cost  model 
for  the  Advanced  Remotely  Piloted  Vehicle  (ARPV).  The  purpose  for  this  model 
Is  to  provide  ARPV  program  personnel  with  an  analytical  tool  to  aid  In  man¬ 
agement  decision  making.  The  total  0  &  S  costs  derived  from  this  model  are 
not  significant  hy  themselves.  This  Is  because  the  values  used  for  the  Input 
variables  do  not  have  a  high  degree  of  accuracy  at  this  point  in  the  acquisi¬ 
tion  phase.  Only  the  relative  0  A  S  costs  for  alternative  design  concepts 
are  significant.  By  analyzing  how  changes  in  cost  variables  affect  the  total 
0  A  S  costs  for  a  design  concept,  the  manager  can  identify  the  high  cost  drivers 
and  take  the  necessary  steps  to  minimize  their  impact.  In  the  second  part  of 
chapter  V(  an  analysis  will  be  made  of  four  0  A  S  cost  model  variables  that 
have  a  significant  impact  on  total  0  A  S  costs  of  the  ARPV  squadron.  Then, 
the  last  part  of  the  chapter  will  discuss  the  significance  of  the  cost  nodel. 

Operating  and  Support  Cost  Model 

The  Operating  and  Support  Cost  Model  presented  in  this  chapter  is  a  com¬ 
posite  of  the  significant  cost  elements  found  in  the  Missile  Annual  Cost  Esti¬ 
mating  (MACE)  model,  the  Cost  Analysis  Improvement  Group  (CAIG)  model,  and 
the  Logistics  Support  Cost  (ISC)  model.  There  were  several  reasons  for  choos¬ 
ing  these  models.  First,  all  three  models  are  recognized  as  valid  cost  models 
and  are  being  used  in  various  programs  in  the  Air  Force.  Second,  the  ARPV 
squadron  concept  in  this  study  has  some  similarity  to  an  aircraft  squadron 
and  also  to  a  missile  squadron.  Therefore,  the  CAIG  model  for  aircraft  and 
the  MACE  model  for  missiles  were  chosen  to  select  the  applicable  cost  elements. 
Next,  the  ISC  model  was  chosen  because  it  provides  insight  into  the  logistics 


variables  that  aggregate  up  to  the  top  level  support  costs.  This  visibility 
of  support  cost  variables  is  desired  in  order  to  demonstrate  how  some  logis¬ 
tics  support  cost  variables  impact  total  0  &  S  costs  for  an  ARPV  squadron. 
Also,  it  is  the  intention  of  this  writer  that  the  0  A  S  cost  model  could  be 
used  for  trade  off  studies  to  reduce  ARPV  life  eycle  costs. 

The  0  A  S  cost  model  consists  of  24  cost  elements  that  are  grouped  into 
five  areas,  similar  to  the  GAIG  model  (see  Table  VI ) .  These  areas  are 
Squadron  Operations,  Base  Operating  Support,  Logistics  Support,  Personnel 
Support,  and  Recurring  Investment.  In  the  next  section,  a  short  description 
of  each  of  the  24  cost  elements  will  be  given  along  with  an  equation  that 
identifies  the  cost  variables  that  make  up  the  cost  elements.  There  is, 
also,  included  an  estimate  for  each  variable  that  will  be  used  in  a  demon¬ 
stration  of  the  sensitivity  of  the  total  0  *  S  costs  to  selected  cost  vari¬ 
ables.  Some  of  the  estimates  are  taken  from  Air  Force  Regulation  173-10, 
OSAF  Cost  and  Planning  Factors.  Others  come  from  the  Operating  and  Support 
Coat  Estimates  Guide  and  the  Logistics  Support  Cost  Model  User's  Handbook. 
The  remaining  cost  estimates  were  developed  in  chapter  IV  and  reflect  this 
writer's  best  estimate.  The  0  A  S  costs  are  developed  for  a  one  year  period 

and  then  expanded  to  a  total  0  A  S  costs  for  a  15  year  weapon  system  life 
64 

cycle.  All  estimates  are  expressed  in  constant  FY  75  dollars. 
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Ibid,  p.  8. 
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TABLE  VI 


ARPV  OPERATING  AND  SUPPORT  (0  A  S)  COST  MODEL 
GOST  ELEMENTS  AND  SOURCES 

MACE  GAIG  LSC 

A.  Squadron  Operations* 

1.  Combat  Command  Staff  Manpower .  x 

2.  ARPV  Crew  Manpower .  x  x 

3.  Base  Munitions  Maintenance  Manpower . .  x 

4.  ARPV  Security  Manpower .  x 

5.  Fuel  Consumption . . .  x  X  x 

6.  Miscellaneous  Personnel  Support .  x  x 

B.  Base  Operating  Support* 

7.  Base  Serrices  Manpower  . .  x  x 

8.  Miscellaneous  Personnel  Support .  x  x 

G,  Logistics  Support* 

9.  On-Equipsent  Maintenance  Cost . .  x 

10.  Off 'Equipment  Maintenance  Cost  . .  x 

11.  Inventory  Entry  and  Supply  Management  Cost  ...  x 

12.  Cost  of  Manageaent  and  Technical  Data .  x 

13.  Cost  of  Spare  Engines  .  x  x 

D.  Personnel  Support* 

14.  Recruit/Technical  Training  Manpower .  x  x 

15.  ARPV  Crew  Training  Cost  . .  x  x 

16.  Medical  Manpower . . .  x  x 

17.  Medical  Material . . . .  x  x 

18.  Pexaanent  Change  of  Station  (PCS)  .  x  x 

19.  Miscellaneous  Personnel  Support . . .  x 

E.  Recurring  Investment* 

20.  Initial  and  Replacement  LRU  Spares  Cost .  x 

21.  Recurring  Modifications  (Class  IV) .  x  x 

22.  Cost  of  Support  Equipment  (AGE)  .  x  x 

23.  Training  Munitions . . .  x 

24.  Training  Missiles  . . x 

NOTE*  Sons  cost  element  equations  were  influenced  by  more  than  one  nodal. 
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A.  Squadron  Operations i  This  includes  all  the  necessary  activities  for  the 


direct  accomplishment  of  the  unit's  mission. 

1)  Combat  Command  Staff  Manpower i  The  cost  of  paying  the  personnel  re¬ 
quired  for  operator  supervision.  These  personnel  perform  such  jobs 
as  command,  operations  control,  planning  and  scheduling,  ARPV  safety, 
quality  control  on  crew  training  and  controller  proficiency.  This 
eludes  the  combat  commander,  his  staffs  and  the  squadron  commanders 
and  their  respective  staff. 


Where t 

CSM 


C 


E 


(CSM^  (C^, 


1  (Off),  2  (Air),  3  (Civ) 


1-1 

Number  of  personnel  per  squadron  assigned  to  command 
staff  duties. 

(10  offlcersi  20  airmen;  1  civilian) 
cost  per  man 


(officers;  $20,224;  airmen;  $9,110;  civilian;  $12,995) 


2) 


ARPV  Crew  Manpower;  The  cost  of  paying  the  full  complement  of  crews 
required  to  man  unit  mission  control  centers  (MCC) .  This  includes 
all  of  the  crews  necessary  for  the  efficient  operation  of  the  unit 
in  meeting  combat  readiness  requirements;  training  requirements; 
and  administrative  requirements  such  as  leave,  sickness,  TDY,  etc. 


-  (UE)  (CUE) 


^(MCi)  (Cj), 

i=i 


1  (Off),  2  (Air) 


Where; 


UE  =  Units  of  ARPVs 
(50) 


^JSAF  Cost  and  Planning  Factors  (U).  Cost  Analysis,  AFR  173-10,  Volume  1, 
(6  February  1975).  th. 


CUE  -  Crews  per  UE 
(.3) 

MC  -  Men  per  Crew 


1 


j 

i 


(4;  two  officers,  two  airmen) 

C  *  Cost  per  man 

3)  Base  Munitions  Maintenance  Manpower:  The  cost  of  paying  personnel 
needed  fort  loading,  unloading,  arming  and  dearming  of  squadron  mu¬ 
nitions;  inspection,  testing  and  maintenance  of  all  ARPV  weapons  re¬ 
lease  systems;  maintenance,  ammunition  loading,  activation  and  deacti¬ 
vation  of  aircraft  gun  systems;  and  maintenance  and  handling  of  the 
munitions  stockpile  authorized. 

-  (UE)  (MUE)  (C) 

Where; 

UE  -  Units  of  ARPVs  (15  approximately  one- third  ARPVs  used 

for  Strike  missions) 

MUE  -  Men  per  UE  (3»  three  airmen) 

C  ■*  Cost  per  man 

4)  ARPV  Security  Manpower;  The  cost  of  paying  personnel  needed  for  ARPV 
equipment  security;  For  example,  entry  control,  close  and  distant 

boundary  support,  and  security  alert  teams. 

2 

-  ^T(MSi)  (Cj),  i  -  1  (Off),  2  (Air) 
i < 

Where  t 

MS  ”  Number  of  men  assigned  to  squadron  security  for  the 
ARPVs.  (24;  1  officer;  23  enlisted) 

C  ■  Cost  per  man 


5)  Fuel  Consumptiom  The  cost  of  fuel  for  the  operational  life  of  the 
ARPV  system. 

-  (tffh)  (fr)  (fc) 

Where  t 

TFFH  “  Expected  total  force  flying  hours  over  the  program 
Inventory  Usage  period.  (200  hours  per  year) 

FR  -  Fuel  consumption  rate  in  units/ flying-hours .  (3?0 
gallons/per  flying  hour) 

FC  »  Fuel  cost/unit.  (.373  per  gallon) 

6)  Miscellaneous  Personnel  Support i  The  cost  of  supplies,  services  and 
equipment  needed  to  support  ARPV  unit  personnel.  This  includes  admin¬ 
istrative  supply  items,  expendable  equipment  and  office  machines,  cus¬ 
todial  services  and  other  personnel-oriented  support  items  (desks, 
chairs,  etc.). 

-  (TSM)  (SC)  (TSP) 

Where j 

TSM  ■*  Total  number  of  personnel  assigned  to  squadron. 

( 316;  includes  maintenance  men) 

SC  ■  Support  cost  per  man.  ($790) 

TSP  ■  Support  percentage  attributed  to  squadron  personnel. 
(.15) 

Base  Operating  Support;  This  includes  all  the  support  activities 
performed  by  base  personnel  to  directly  support  squadron  operations. 

7)  Base  Services  Manpowert  The  cost  of  paying  those  base  personnel 


necessary  to  directly  support  squadron  personnel  Including  activities 
such  as  food  service,  supply,  motor  pool  and  payroll  operations.  The 


sum  of  these  costs  represent  the  pay  of  those  base  people  who  would 


leave  the  base  if  the  operating  requirement  were  to  more  elsewhere. 


Where  t 

TSM  = 
BMP  = 
G  = 


(TSM^)  (BMPi)  (C^,  i 


i-1 


1  (Off),  2  (Air),  3  (Civ) 


Total  number  of  personnel  assigned  to  squadron. 
Base  services  manpower  percentage  ( . 17) . 

Cost  per  man 


Manpower  Breakdown: 

,  66 

316  x  .17  =  5^  Total  base  services  manpower 


Where: 

5*+  x  .02  =  2  officer 

5^  x  .73  =  ^0  airmen 
5^  x  .25  =  13  civilian 


8)  Miscellaneous  Personnel  Support:  The  cost  of  supplies  and  equipment 
needed  to  support  base  personnel  who  directly  support  ARPV  squadron 
personnel.  This  includes  administrative  supply  items,  expendable 
equipment  and  office  machines,  custodial  services  and  other  personnel- 
oriented  support  items  (desks,  chairs,  etc.), 

-  (BSM)  (SC)  +  ( TSM )  (SC)  (BSP) 

Where : 

BSM  =  Number  of  personnel  assigned  to  Base  services.  (Ul) 

SC  =  Support  cost  per  man.  ($790) 

TSM  =  Total  number  of  personnel  assigned  to  squadron. 

BSP  =  Support  nercentage  attributed  to  Base  Services  personnel. 

(.85) 


Operating  and  Support  Cost  Estimates — Aircraft  Systems  Cost  Development 
Guide,  Defense  Systems  Acquisitions  Review  Council.  (May  197*0.  p.  3^. 
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C.  Logistics  Support;  This  Includes  all  the  maintenance,  supply,  and 

other  logistics  activities  necessary  to  support  squadron  operations 
in  their  accomplishment  of  the  units'  mission. 


9) 


On-Equipment  Maintenance  Costt  The  flightline  maintenance  labor  costs 
to  perform  corrective  maintenance  in  place  or  to  remove  and  replace 
line  replaceable  units  (LRU)  for  subsequent  repair.  It  also  includes 
the  labor  costs  to  perform  scheduled  maintenance  and  inspections  on 
the  subsystem. 

S£L  N 


h-1 


(TFOH)(QPA 


)(BLR) 

- -  ( RIP,  ) ( IMH  Ml-RIP, ) 

MA  J  L 


(RMH^ 


MOTBMAj 

+  (TFOH)(SMH)(BLR) 
(SMI) 


Where! 

SS  -  Number  of  subsystems  evaluated  (airframe,  avionics, 
and  propulsion)  (3) 

N  «  Number  of  LRUs  in  the  subsystem.  (Average  4/Subsystea) 

TFOH  ■  Expected  total  force  operating  hours  over  the  program 
Inventory  Usage  period.  (  35»240  per  year) 

QPA^  *  Quantity  of  the  i^  LRU  contained  in  the  subsystem.  (1) 

BLR  =  Average  base-level  labor  rate  in  dollars/manhour. 

(9. 37/M. H.) 


MOTBMA  ,  ■  Mean  operating  time  between  maintenance  actions  for 

the  1^  LRU  in  the  mature  system.  (250) 

RIP^  *  Fraction  of  operational  failures  of  the  ith  LRU  which 
can  be  repaired  in  place.  (.30) 


IMH.  =■  Average  manhours  to  perform  corrective  maintenance  in 
place  for  the  i^h  LRU.  (1.5) 

RNH^  ■  Average  manhours  to  remove  and  replace  the  ith  LRU.  (1.5) 
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SMH  =  Average  manhours  to  perform  scheduled  maintenance 

(including  preventive  maintenance,  preflight,  post¬ 
flight  and  periodic  inspections  of  the  subsystem).  (10) 

SMI  *  Scheduled  maintenance  interval  in  operating  hours  for 
the  subsystem.  (2^0) 


10) 


Off-Equipment  Maintenance  Cost:  This  equation  gives  labor  and 
material  costs  for  base  and  depot  maintenance  facilities  to  diagnose, 
repair  or  attempt  to  repair  LRUs.  Included  are  the  associated  packing 
and  shipping  costs  incurred  for  the  items  expected  to  be  returned  to 
depot  for  repair. 


SS 


V'  r*  (TF0H)(QPA  )( 1-RIP  )  r  r 

- MOTOMA^ - 1  (Risi  [(BMCi)(UCi) 


+  (BMH1)(BLR) 

+  (DMHjXDUoJ 


I 

+  NRTS 


t  (DMC1)(UC1) 


(i-os)(psc)  +  (0S)(PS0) 


(1.25  Wj.)  2(NRTS1)  +  ( COND 


■'ll 


Where: 

TFOH  *  Expected  total  force  operating  hours  over  the  program 
Inventory  Usage  period. 

QPA^  -  Quantity  of  the  ithLRU  contained  in  the  subsystem. 

RIP^  *  Fraction  of  operational  failures  of  the  ith  LRU  which 
can  be  repaired  in  place. 

MOTBMA,  *  Mean  operating  between  maintenance  actions  for  the  ith 
LRU  in  the  mature  system. 

RTS,  -  Fraction  of  removals  of  the  ith  LRU  expected  to  be 
repaired  at  the  base.  (.60) 

BMC^  *  Average  material  cost  per  base  maintenance  action  ex¬ 
pressed  as  a  fraction  of  the  unit  cost  (UC)  of  the 
1th  LRU.  The  material  cost  includes  the  mean  dollar 
value  of  the  consumables  utilized  in  repairing  the 
ith  leu  and  any  subordinate  repairables  of  the  LRU. 
(.20) 
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UC.  *  Expected  unit  cost  of  the  i  LRU}  ie.,  the  cost  ex¬ 
pected  to  be  exhibited  at  the  time  of  initial  provi¬ 

sioning  for  the  i^1  LRU.  (50,000) 

BMH,  -  Average  manhours  at  base  level  to  diagnose,  repair  or 
attempt  to  repair  the  itn  LRU.  (45.0) 

BLR  ■  Average  base-level  labor  rate  in  dollars/manhour. 

NRTS^=*  Fraction  of  removals  of  the  i^1  LRU  expected  to  be 
returned  to  the  depot  for  repair.  ( . 30) 

DMC^  *  Same  as  BMC  except  refers  to  depot  maintenance  actions. ( .20) 

DMH^  ■  Same  as  BMH  except  refers  to  depot  manhours.  (40.0) 

DLR  •  Average  depot  labor  rate  in  dollars/manhours.  (12.91) 

OS  -  Fraction  of  the  total  force  deployed  to  overseas  lo¬ 
cations.  ( .90) 

PSC  *  Average  packing  and  shipping  cost  in  dollars/pound 
for  overseas  CONUS  locations.  ($. 35/lb) 

PS0  »  Average  packing  and  shipping  cost  in  dollars/pound 
for  overseas  locations,  ($. 77/lb) 

Wj"  Weight  in  pounds  of  the  1th  LRU.  (10) 

C0ND^«  Fraction  of  removals  of  the  ith  LRU  expected  to  result 
in  condemnation  at  base  level.  (.10) 


ID 


Inventory  Entry  And  Supply  Management  Cost;  This  equation  gives  the 
management  cost  to  introduce  new  line  items  into  the  Air  Force  inven¬ 
tories  well  as  recurring  supply  management  costs. 

IPC  +  (PIUP-l) (RPC) I 


& 


IAC  +  (PIUP-1)(RAC)  Yov  i)  + 


)  +  (M)(SA)(PIUP) 

i 


N 


(PA1  +  PP  +  SP1) 


NOTEt  If  RTS.  =  0,  this  last  term  becomes  (m)(SA)(PIUP) 


Where « 

IAC  -  Initial  Inventory  management  cost  to  introduce  a  new 

"P"  coded  reparable  assembly  into  the  Air  Force  inven¬ 
tory.  ($104.20) 


M  "  Number  of  operating  base  locations 


IPG  ■  Same  as  IAC  except  refers  to  consumable  Items. 

($104. 20/item) 

PIUP  *  Operational  service  life  of  the  system  in  years. (15  Yrs) 

RAC  =  Recurring  inventory  management  cost  to  maintain  a  re¬ 
parable  assembly  in  the  wholesale  system  (expressed 
in  dollars/item/year)  ($104. 20/item/year) 


12) 


RPC  =  Same  as  RAC  except  refers  to  consumable  items. 

($104.20/ item/ year) 

PA.  -  Number  of  new  "P"  coded  reparable  assemblies  within 
the  ith  LRU.  (1) 

PPj^  “  Number  of  new  "P"  coded  consumables  within  the  1th  LRU. (6) 

M  =  Number  of  operating  base  locations.  (4) 

SA  «  Annual  base  supply  inventory  management  cost  in  dollars/ 
item/year.  ($12/item/year) 

SP.  =  Number  of  standard  (already  stock-listed)  parts  within 
1  the  i^  LRU.  (5) 


Cost  of  Management  and  Technical  Datat  This  equation  gives  the  cost 


I 


for  Technical  Orders  (T.O.s),  overhaul  manuals,  and  other  special 
technical  documentation  of  repair  instructions.  It  also  computes 
the  maintenance  labor  costs  to  complete  on-and-off-equipment  main¬ 


tenance  records,  supply  transaction  records  and  transportation  forms. 
SS 


'i 
TPOH 


^TFm§toma"'1'^£)  (mro)  +  (i-*ipi)(raF 


* 

+  (BLR)  MRO  +  (O.l)SR 


+  TD  (JJ  +  H) 


Where i 

MRO  -  Average  manhours  per  maintenance  action  to  complete 
on-equipment  maintenance  records,  (.08  hours) 

MRF  =  Average  manhours  per  maintenance  action  to  complete 
off-equipment  maintenance  records.  (.24  hours) 
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SR  =  Average  manhours  per  maintenance  action  to  complete 
supply  transaction  records,  (.25  Hours) 

TR  =  Average  manhours  per  maintenance  action  to  complete 
transportation  forms,  (.16  Hours) 

TD  *  Cost  per  original  page  of  technical  documentation. 
($160  Per  Page) 

JJ  «  Number  of  pages  of  organizational  and  intermediate 
level  T.O.s.  (?40) 

H  ”  Number  of  pages  of  depot  level  T.O.s  and  special  re¬ 
pair  instructions.  (975) 


13)  Cost  of  Spare  Engines t  This  equation  gives  the  cost  of  whole  spare 
engines  required  in  the  base  and  depot  pipeline  to  support  the  weapon 
system , 


-  (EUC) 


(EPA)(ENRTS)(DP  +  D)(PFFH) 

(LS)(X)  +  - 

CMRI 


Wheres 

EUC  •*  Expected  engine  unit  cost.  ($144,300) 

J85/JIA -General  Electric 

IS  ■  Number  of  stockage  locations  for  spare  engines.  (2) 

X  -  Number  of  whole  spare  engines  to  stock  at  each  loca¬ 
tion.  (5) 

EPA  -  Number  of  engines  per  aircraft.  (1) 

ENTRS  *  Engines  not  reparable  this  station j  percentage  of 
engines  expected  to  be  repaired  at  the  depot.  (.5) 

DP  “  Engine  repair  cycle  time  in  months  at  the  depot.  (.73) 

D  *  Number  of  months  worth  of  depot  safety  stock  for  the 
engine.  (.5) 

CMRI  "  Mean  engine  operating  hours  between  removal, ( 1000  flying 
hours) 

PFFH  *  Expected  peak  force  flying  hours  per  month.  (16.7) 
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Personnel  Support t  This  includes  the  acquisition  and  training  of 
replacement  personnel,  medical  support,  and  PCS  costs  in  support 
of  the  squadron. 


14) 


Recruit/Technical  Training  Manpower:  The  cost  of  paying  personnel 
in  training  who  will  replace  non  crew  personnel. 


+  BSMi)(ATR)(Ci),  i 


1  (Off),  2  (air),  3  (Civ) 


Where t 


ATR 


Annual  Turnover  Rate  (.15) 
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15)  ARPV  Crew  Training  Costs  The  cost  of  paying  personnel  in  training 
who  will  replace  unit  ARPV  crews  and  the  cost  of  their  instruction. 

=  (RPVC)(CTR)(CPC)  +  (RPVT)(TTR)(CPT) 


Where: 


RPVC  =  Number  of  squadron  ARPV  crew  controllers.  (30) 
CTR  **  Annual  controller  Turnover  Rate,  (.094) 

CPC  =  Cost  per  crew  controller.  ($12,637) 

RPVT  =  Number  of  squadron  ARPV  crew  technicians.  (30) 
TTR  **  Annual  Technician  Turnover  Rate  (.134) 

CPT  ■  Cost  per  crew  technician.  ($?400) 


16)  Medical  Manpower!  The  cost  of  paying  medical  personnel  needed  to 


provide  direct  support  to  the  ARPV  squadron;  and  training  pipeline 
personnel. 


3 


/^(TSMi  +  BSMj^  +  PSMi)(MMSR)(Ci),  i 
2  (Air),  3  (Civ) 


1  (Off), 


Where: 


PSM“  Total  number  of  personnel  in  training  status.  (54) 

MMSR  =  The  number  of  medical  personnel  per  military  person 
(Medical  Manpower  Support  Rate)  (.016) 


Medical  Manpower  Breakdown: 

411  x  .016  =  7  Medical  Personnel 
Where : 

7  x  .21  -  2  Officers 
7  x  .62  =  4  Airmen 
7  x  .17  -  1  Civilian 


17)  Medical  Material:  The  cost  of  materiel  required  to  support  ARPV 
squadron  personnel;  base  personnel  who  provide  direct  support  to 
the  ARPV  squadron,  and  training  pipeline  personnel. 

-  (TSM  +  BSM  +  PSM)(MSCM) 

Where: 

MSCM  »  Materiel  Support  Cost  Per  Man  ($157) 


18) 


Permanent  Change  of  Station  (PCS):  The  costs  incident  to  the  PCS 

* 

of:  ARPV  unit  military  either  individually  or  as  organized  units; 
base  personnel  who  provide  direct  support  to  the  ARPV  unit;  and 
training  pipeline  personnel. 


y^TSM^  +  BSM1  +  PSM1)(PCS1),  i  =  1  (Off),  2  (Air) 

1=1 
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Ibid. 


7* 


Where  i 


PCS  =  Permanent  Change  of  Station  cost  per  man. 

(Officers  $3419,  Airmans  $2028) 

19)  Miscellaneous  Personnel  Support!  The  cost  of  expendable  supplies 
and  equipment  needed  by  instructor,  trainee  and  medical  personnel 
who  support  ARPV  squadron  personnel. 

«  (psk) (psc) 

Where: 

PSC  -  Personnel  support  cost  per  man.  ($760) 

Recurring  Investment!  This  includes  costs  for  initial  spares, 
recurring  modifications  to  equipment,  support  equipment  (AGE), 
and  training  missile  and  munitions. 


UC.  *  Expected  unit  cost  of  the  i^  LRUt  it.,  the  c^st  expected 
at  the  tine  of  initial  provisioning  for  the  i  LRU. 

DRCTj®  Average  depot  repair  cycle  time  in  months  for  the  i^h  LRU.  (2.25) 


21)  Recurring  Modifications  (Class  IV):  The  cost  of  modifying  ARPVs 

ground  equipment,  and  training  equipment  that  are  in  the  operating 
inventory  to  make  them  safe  for  continued  operations,  to  enable  them 
to  perform  mission  essential  tasks  (not  new  capability),  and  to  im¬ 
prove  reliability  or  reduce  maintenance  cost. 

-  (UE)(AFC)(RMP) 

Where ! 

AFC  =  Average  flyaway  cost  of  buying  a  new  ARPV,  ($600,000) 
RMP  *  Recurring  Modification  Percentage.  (.0038) 


22) 


Cost  of  Support  Equipment  (ACE):  This  equation  computes  the  cost  of 
peculiar  support  equipment  based  on  the  anticipated  workload  and  ser¬ 
vicing  capability.  The  cost  of  additional  units  of  common  support 
equipment  is  also  included. 


(pfoh)(qpa1)(i-rip1) 

MOTBKA  t 


K 


(RTSi)(BMH1) 
(BURA)(  1-DOWN^  (BAA) 


(CABa)  +  (PIUP)(C0B^) 
(CADa  +  (PIUP)(C0Di) 


+ 


(NRTS1)(DMH1) 

( DUR, )( 1-DOWN. )(DAA) 

A  A 

+  FLA  +  BA  +  DA+  CS  +  IH 


Where » 


BUR  *  Base-level  utilization  rate  for  AGE  end  item  i; 
a  0<BUR,  SI.  (.70) 

M- 
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DUR.  *  Depot  utilization  rate  for  AGE  end  item  ij 

*  0<DORj£l.  (.90) 

BAA  »  Total  active  work  time  in  the  base  shop  per  month. 

(200) 

DAA  »  Total  active  work  time  in  the  depot  per  month.  (32) 

CAB.  *  Cost  per  unit  of  peculiar  base  AGE  end  item  i.  ($50,000) 
CAD^  =  Same  as  CAB^  except  relates  to  depot  AGE.  ($50,000) 

COB  *  Cost  per  year  per  unit  of  operating  peculiar  base  AGE 

J  end  item  i.  ($25,000) 

CODj  =  Same  as  COB^  except  relates  to  depot  AGE.  ($25»000) 

DOWN.  =■  Fraction  of  downtime  for  AGE  end  item  i  for  calibration 

*  requirements  j  0  i  DOWN^  <  1 .  ( . 05) 

K  **  Number  of  line  items  of  peculiar  AGE  used  in  repair  of 
the  ith  LRU.  (3) 

FLA  *  Cost  of  additional  common  or  peculiar  flight-line  AGE 
to  support  the  subsystem  ($91,000) 

DA  “  Apportioned  cost  of  additional  common  depot  support 
equipment.  ($1,250,000) 

BA  *  Apportioned  cost  of  additional  common  base  shop  sup¬ 
port  equipment.  ($685,000) 

CS  ■  Cost  of  software  to  utilize  existing  automatic  test 
equipment.  ($82,000) 

IH  =  Cost  of  interconnecting  hardware  to  utilize  existing 
automatic  test  equipment.  ($38,400) 

23)  Training  Munitions;  The  cost  of  munitions  expended  by  the  squadron 
for  the  purpose  of  keeping  ARPV  crews  proficient  in  weapons  delivery 
techniques. 

-  (ac)(mcr) 

Where: 

AC*  Number  of  ARPV  crews.  (15) 
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MCR  =  The  munitions  cost  estimate  per  ARPV  crew  per  year. 

($15,000) 

Training  Missiles t  The  cost  of  missiles  expended  by  the  squadron 
for  the  purpose  of  keeping  ARPV  crews  proficient  in  weapons  delivery 
techniques . 

-  (AC)(MSC) 

Where j 


MSC  -  The  cost  estimate  for  missile  firings  used  to  train 
ARPV  crews.  (42500) 


Examination  of  Selected  Variables 

The  purpose  of  this  section  Is  to  exaalne  the  list  of  cost  variables 
that  are  significant  cost  drivers  and  develop  trade-off  curves  for  those 
variables  that  have  the  most  significant  lspact  on  to tad  0  *  S  costs  over 
a  15  year  period  for  the  Advanced  RPV  Squadron.  First,  the  variables  in 
the  24  cost  element  equations  were  examined  for  their  frequency  in  the 
equations,  their  comparative  values  and  potential  impact  on  the  total 
0  ft  S  cost.  This  preliminary  screening  served  to  scope  the  timber  of 
variables  that  should  be  sore  closely  analysed.  The  result  was  a  list  of 
41  cost  variables.  Next,  each  of  the  cost  variables  was  evaluated  by 
changing  their  values  over  a  range  froa  -50%  to  *50%  and  sal culating  a  new 
total  cost  for  the  0  ft  S  model.  The  respective  percentage  change  in  total 
0  ft  S  costs  was  calculated  and  analysed  for  its  significance.  Finally, 
those  cost  variables  that  had  the  most  significant  changes  to  total  0  ft  S 
costs  were  further  Investigated  by  developing  trade-off  curves  for  each. 

This  was  done  by  plotting  the  percentage  change  in  the  cost  variable  versus 
the  resulting  percentage  change  in  total  0  ft  3  costs.  The  points  on  the 
trade-off  curves  represented  percent  changes  of  -50%,  -25%,  0%,  *25%,  and 
*50%  of  the  cost  variable.  This  curve  was  then  analysed  for  its  significance 
and  value  to  the  user  of  the  0  ft  S  Cost  Model.  The  Judgement  of  this  writer 
is  that  these  cost  variables  are  the  ones  that  the  A RPV  program  manager 
should  pay  careful  attention  to  in  order  to  prevent  0  ft  S  costs,  and  ulti¬ 
mately  life  cycle  costs,  from  exceeding  planned  goals. 

Caution  must  be  taken  when  interpreting  the  numerical  estimates  of  the 
variables  used  by  this  writer  in  the  model.  Most  of  the  estimates  were 
taken  from  historical  data  on  other  hardware  systems,  but  some  of  the  esti¬ 
mates  were  this  writer's  best  judgement.  Also,  the  purpose  in  presenting 


cost  estimates  was  to  exercise  the  model  and  demonstrate  its  usefullnesa 


as  a  management  tool  in  identifying  cost  drivers  for  a  specific  weapon 
system  design.  For  this  purpose,  the  estimates  were  judged  to  he  suffi¬ 
ciently  valid  to  establish  a  cost  baseline  and  show  variances  from  it 
caused  by  certain  cost  variables.  It  is  not  the  magnitude  of  the  estimates, 
but  the  relative  differences  or  changes  that  is  the  important  product  of 
this  cost  model.  It  should  also  be  understood  that  many,  if  not  most,  of 
these  estimates  will  change  as  this  design  of  the  ARPV  squadron  evolves 
through  the  conceptual  studies  and  the  validation  phase.  This  model 
should  provide  a  tool  for  comparing  0  ft  S  costs  for  various  system  designs. 

In  Table  VII  are  listed  the  41  cost  variables  that  were  evaluated  over 
a  range  of  -50%  to  +50£,  Several  of  the  most  significant  were  chosen  to 
demonstrate  their  sensitivity  to  total  0  ft  S  costs  by  developing  trade-off 
curves  for  each. 


TABLE  VII 


Variable 

-25# 

0 

+2£ 

+  50# 

1) 

MOTBMA 

+8? 

♦28 

0 

-17 

-28 

2) 

TSM 

-  2.41 

-  1.22 

0 

+  1.22 

+  2.42 

3) 

TTOH 

-48 

-27 

0 

+38 

+46 

«0 

QPA 

-33 

-15.6 

0 

+15.6 

♦33 

5) 

RIP 

+21 

+10 

0 

-11 

-21 

6) 

NRTS 

-20.4 

-10.2 

0 

+10.2 

+20.4 

7) 

UC 

-19.6 

-  9.8 

0 

+  9.8 

+19.6 

8) 

RTS 

-18 

-  9 

0 

+  9 

+18 

9) 

BMC 

-13.1 

-  6.5 

0 

+  6.5 

♦13.1 

10) 

DMH 

-  8.8 

-  4.4 

0 

♦  4.4 

+  8.8 

ID 

COD 

-  8.1 

-  4.1 

0 

+  4.1 

+  8.1 

12) 

PFOH 

-  7.3 

-  3.6 

0 

+  3.6 

+  7.3 

13) 

PIUP 

-  7.2 

-  3.6 

0 

♦  3.6 

+  7.2 

14) 

CAD 

-  7.0 

-  3.5 

0 

♦  3.5 

+  7.0 

15) 

DMC 

-  6.6 

-  3.3 

0 

+  3.3 

+  6.6 

16) 

EUR 

+  5.6 

+28 

0 

-  2.8 

+  5.6 

17) 

BMH 

-  4.5 

-  2.2 

0 

♦  2.2 

♦  4.5 

18) 

COB 

-  3.7 

-  1.8 

0 

+  1.8 

+  3.7 

19) 

CAB 

-  3.5 

-  1.7 

0 

+  1.7 

+  3.3 

20) 

STK 

-  3.2 

-  1.6 

0 

+  1.6 

♦  3.2 

21) 

M 

-  3.2 

-  1.6 

0 

+  1.6 

+  3.2 

22) 

BUR 

+  2.8 

+  1.4 

*0 

-  1.4 

-  2.8 

23) 

LS 

-  2.6 

-  1.3 

0 

+  1.3 

+  2.6 

24) 

DRCT 

-  2.0 

-  1.0 

0 

+  1.0 

+  2.0 
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Variable 

-50* 

=2% 

0 

+25* 

+  50* 

25) 

PCS 

-  1.6 

-  .08 

0 

+  .08 

+  1.6 

26) 

ATR 

-  1.0 

.00 

0 

.00 

+  1.0 

27) 

DOWN 

+  .4 

+  .2 

0 

-  .2 

-  .4 

28) 

RMP 

-  .2 

-  .1 

0 

+  .1 

+  .2 

29) 

TFFH 

.00 

.00 

0 

.00 

.00 

30) 

PC 

.00 

.00 

0 

.00 

.00 

31) 

IMH 

.00 

.00 

0 

.00 

.00 

32) 

RMH 

.00 

.00 

0 

.00 

.00 

33) 

SMI 

.00 

.00 

0 

.00 

.00 

3*0 

ENRTS 

.00 

.00 

0 

.00 

.00 

35) 

DP 

.00 

.00 

0 

.00 

.00 

36) 

D 

.00 

.00 

0 

.00 

.00 

37) 

CMRI 

.00 

.00 

0 

.00 

.00 

38) 

PFFH 

.00 

.00 

0 

.00 

.00 

39) 

CTR 

.00 

.00 

0 

.00 

.00 

i*0) 

TTR 

.00 

.00 

0 

.00 

.00 

41) 

PSC 

.00 

.00 

0 

.00 

.00 
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A .  Mean  Operating  Time  Between  Maintenance  Action  (MOTBMA) :  This  variable 


%  Change 

%  Change 

in  MOTBMA 

in  0  &  S 

-50 

+87 

-25 

+28 

0 

0 

+25 

-17 

+50 

-28 

Figure  15.  MOTBMA 

This  variable  has  a  significant  influence  on  the  total  cost  for  opera¬ 
ting  and  support.  This  variable  should  be  studied  by  the  program  manager 
and  efforts  made  to  improve  or  increase  its  value.  This  would  necessitate 
further  study  into  the  relationship  between  flying  activity  and  ground 
alert  activity. 
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B.  Total  Squadron  Personnel  (TSM)i  This  variable  includes  all  the  military 
personnel  assigned  to  the  Advanced  RPV  squadron.  In  addition,  it  deter¬ 
mines  the  number  of  Base  Operating  Support  Manpower  (BSM)  and  the  nnaber 
of  Personnel  Support  Manpower  (PSM).  This  last  group  is  the  number  of 
personnel  undergoing  training  prior  to  job  assignment  in  the  squadron. 


%  Change 
0  &  S 
T  5-0 


X  -5.0 

%  Change 
0  &  S  Costs 

-2.41 

-1.22 

0 

+1.22 

+2.42 

Total  Squadron  Personnel 


%  Change 
in  Personnel 

-50 

-25 

0 

+25 

+50 

Figure  16. 


The  variable  TSM  showed  a  linear  relationship  with  respect  to  total 
0  &  S  costs.  The  influence  on  total  0  &  S  costs  was  less  than  was  expected. 
This  writer  believes  this  result  was  due  to  the  selection  of  a  squadron 
concept  that  minimized  the  operational  personnel  requirements.  Additional 
comments  will  be  made  about  this  subject  later  in  the  chapter. 
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total  force  operating  hours  over  the  program  inventory  usage  period.  Both 
the  total  flying  and  total  ground  alert  are  represented  by  this  variable. 


%  Change 
0  &  S 


%  Change 

%  Change 

in  TFOH 

in  0  &  S 

-50 

-48 

-25 

-27 

0 

0 

+25 

+38 

+50 

+46 

Figure  17.  TFOH 

This  variable  is  a  significant  cost  driver  for  0  &  S  costs.  The  por¬ 
tion  attributed  to  flying  can  greatly  impact  the  total  0  &  S  costs.  Thus, 
this  variable  should  be  analyzed  for  potential  cost  reductions  if  it  is 
feasible  from  a  requirements  perspective.  Also,  the  impact  of  fuel  cost 
increases  will  be  significant  on  this  variable. 
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tional  failures  of  LRUs  which  can  be  repaired  In  place.  It  has  a  signifi¬ 
cant  lapact  on  off -equipment  maintenance,  initial  and  replacement  LRD 
spares,  and  support  equipment  (AGE)  costs. 


*  Change 

*  Change 

RIP 

in  0  ft  S 

-50 

+21* 

-25 

+10* 

0 

0 

+25 

-il* 

+50 

-21* 

Figure  18.  Failures  Repaired  in  Place  (RIP) 


This  variable  demonstrates  that  by  Increasing  the  capability  to  repair 
operational  failures  in  place,  significant  savings  in  0  A  S  costs  can  be 
realised.  This  variable  is  Impacted  to  a  large  degree  by  the  maintenance 
concept  that  is  being  developed  and  should  be  monitored  by  the  program 
manager.  Further  research  into  this  variable  could  be  very  beneficial. 


Significance  of  0  A  S  Model  and  Cost  Variables 


The  significance  of  this  0  A  S  cost  model  for  the  Advanced  RPV  squadron 
is  that  it  provides  a  tool  in  which  the  ARPV  program  manager  can  examine 
different  operations  and  maintenance  concepts.  This  can  be  done  by  varying 
the  estimated  cost  variables  or  by  adding  or  deleting  cost  elements  as  neces¬ 
sary.  The  model  can  be  used  to  track  cost  elements  that  are  significantly 
high  cost  drivers.  These  cost  elements  can  be  analysed  and  changed  if  they 
demonstrate  potential  0  IS  cost  savings.  It  is  assumed  in  this  thesis  that 
the  ultimate  goal  is  to  reduce  life  cycle  cost  of  the  ARPV  squadron.  Thus, 

0  A  S  costs  would  not  be  reduced  if  they  resulted  in  increased  life  cycle 
cost. 

The  significance  of  the  cost  variables  is  to  aid  in  exercising  the  0  A  S 
model  in  order  to  find  the  most  cost  effective  approach  to  operating  and 
supporting  a  squadron  of  ARPVs.  The  cost  variables  are  the  components  that 
make  up  the  cost  element  equations,  which  in  turn,  define  categories  of  cost 
(e.g.  ARPV  Crew  Manpower)  that  are  summed  up  to  arrive  at  total  0  A  S  costs. 

In  many  cases,  a  cost  variable  appears  in  several  cost  element  equations. 

When  a  sensitivity  analysis  is  made  on  one  variable  it  can  impact  several 
cost  element  equations  or  categories  of  cost.  The  results  of  this  analysis 
can  be  important  to  the  program  manager  as  he  develops  the  squadron  operations 
maintenance  concepts. 

Summary 

In  chapter  V,  an  0  A  S  cost  model  for  the  ARPV  squadron  was  presented. 
Then,  several  cost  variables  from  the  cost  element  equations  were  examined 
to  demonstrate  the  ability  of  the  model  to  provide  visibility  of  the  high 
cost  drivers.  Then,  the  significance  of  the  0  A  S  cost  model  and  cost  vari¬ 
ables  was  discussed.  In  the  next  chapter,  the  summary,  conclusions,  and 

recommendations  of  this  thesis  will  be  presented. 
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CHAPTER  VI 


SUMMARY 


Summary 

The  purpose  of  this  thesis  was  to  study  and  analyze  the  operating  and 
support  (0  &  S)  costs  of  an  Advanced  RPV  squadron.  This  study  concentrated 
on  the  determination  of  costs  for  operations  and  support  while  the  weapon 
system  was  still  in  its  conceptual  phase  of  acquisition.  It  was  the  belief 
expressed  by  this  writer  that  early  decisions  made  by  the  system  program 
manager,  with  respect  to  design  parameters  for  a  weapon  system,  can  have  a 
major  impact  on  the  costs  for  operating  and  supporting  that  weapon  system. 

A  cost  model  was  formulated,  to  be  used  by  the  ARPV  program  manager 
that  provided  operating  and  support  cost  visibility.  Its  purpose  was  as 
a  tool  to  provide  insight  into  what  cost  elements  were  the  high  cost  drivers. 
Also,  it  was  intended  to  be  useful  in  applying  different  operating  and  sup¬ 
port  concepts  in  order  to  arrive  at  the  most  cost  effective  squadron  concept. 
For  this  purpose,  a  squadron  operations  and  maintenance  concept  was  developed 
to  demonstrate  the  utility  of  the  model.  Finally,  several  cost  variables 
were  examined  to  show  what  their  impact  was  on  total  0  &  S  costs  as  they 
were  changed  over  a  range  of  values. 
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Conclusions 


The  objective  of  presenting  an  operating  and  support  cost  model  for  the 
Advanced  RPV  that  could  be  used  to  investigate  cost  variables  that  have  sig¬ 
nificant  impact  on  total  0  &  S  costs  has  been  accomplished.  This  writer 
studied  0  &  S  costs  of  various  weapon  systems  and  analyzed  cost  elements  of 
existing  operating  and  support  cost  models  in  preparation  of  formulating  an 
ARPV  0  &  S  cost  model. 

The  objective  of  developing  an  Advanced  RPV  squadron  concept  was  satis¬ 
fied  in  order  to  demonstrate  the  capability  of  the  0  *  S  cost  model.  The 
squadron  concept  outlined  the  command  structure,  basing,  personnel  and  train¬ 
ing  requirements,  maintenance  concept,  operations  concept,  ARPV  description, 
and  mission  profiles.  The  squadron  concept  provided  the  baseline  in  which 
to  develop  cost  estimates  for  the  variables  used  in  the  cost  model.  The 
accomplishment  of  this  objective  provided  insight  and  visibility  into  the 
problems  confronting  Air  Force  Weapon  Systems  designers  in  controlling  op¬ 
erating  and  support  costs. 

The  investigation  of  certain  cost  variables  that  are  uniquely  found 
and/or  significantly  changed  in  an  ARPV  squadron  was  satisfactorily  accom¬ 
plished.  It  was  determined  that  the  failures  repaired  in  place  (RIP)  vari¬ 
able  identified  was  significant  enough  that  the  ARPV  program  manager  should 
continue  to  study  and  analyze  them. 

The  reliability  variable,  Mean  Operating  Time  Between  Maintenance  Action 
(MOTBMA),  was  determined  to  need  additional  study  and  analysis  to  consider 
all  the  ramifications.  The  potential  use  of  a  combined  weighted  factor  for 
the  MOTBMA  was  suggested. 


In  conclusion,  this  thesis  should  provide  the  capability  for  program 
office  personnel  to  conduct  operating  and  support  cost  analyses.  In  addi¬ 
tion,  it  should  help  to  identify  those  high  cost  elements  that  significantly 
impact  operating  and  support  cost  and  ultimately  life  cycle  costs. 

Evan  though  the  thesis  work  warn  done  in  1975*  it  is  the  judgement  of 
this  writer  that  the  work  presented  here  is  sufficiently  valid  in  1980.  It 
is  also  felt  that  it  can  contribute  to  the  developaeat  and  analysis  of  0  ft  S 
cost  of  future  DOD  weapon  systems. 
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APPENDIX  A 


MISSILE  ANNUAL  COST  ESTIMATING  (MACE)  MODEL 

I.  Recurring  Investment  and  Miscellaneous  Logistics 

Peculiar  Agei  Aerospace  ground  equipment  for  a  specific  weapon 
system. 

Maintenance-missile t  Base  level  maintenance  on  missile  and  missile 
support  equipment  (material  only). 

Depot  Maintenance t  Depot  maintenance  on  missile  and  missile  support 
equipment. 

Modification,  Class  IV  (lnc.  Initial  Spares) i  Provided  for  updating 
modifications  of  missile  weapon  systems  and  drones,  direct  ground  support 
equipment,  and  training  equipment  (missile). 

Replenishment  Spares «  High  cost  reparable  items  that  are  repaired 
when  damaged  so  long  as  the  estimated  cost  of  repair  is  or  less  of 
the  acquisition  cost.  If  these  conditions  are  not  net,  the  items  are 
condemned  at  either  base  or  depot  level. 

Operational  Missile  Test  and  Analysis!  Selected  missile  firing  and 
analysis  of  results.  For  exaaple,  missiles  transported  to  Vandenburg  AFB, 
California  and  refitted  with  test  equipment. 

Vehicular  Equipment!  Operation  and  Maintenance  of  Vehicles  listed 
of  commercial  design  and  general-purpose  use. 

II.  Pay  and  Allowance  (P  k  A) 

Military!  Pay  and  allowance  for  military  personnel. 

Civilian!  Pay  and  allowance  for  civilian  employees. 

Sourest  USAF  Cost  and  Planm  nf  Factors  (U).  Cost  Analysis,  AFR  173-10, 
Volume  1,  (6  February  1975) • 
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III.  Base  Operating  Support/Real  Property  Maintenance  (BOS/RPM) ,  Support  of 

Primary  Program  Element  (PPB)  Manpower i  Allocation  of  Base  opera¬ 
ting  support  costs  to  priaary  prograa  eleaent  (squadron  manpower). 

BOS/BPM  manpower i  The  share  of  Base  operating  support  costs 
attributed  to  personnel  employed  in  the  categories  of  Base  Operating 
Support  and  Real  property  maintenance , 

IV.  Medical,  Support  of 

Officers!  Allocation  of  aedlcal  dispensary  coats  to  officers. 

Alraent  Allocation  of  aedlcal  dispensary  costs  to  airmen. 

V.  Personnel  Support 

PCS -Officers!  Cost  of  travel  for  officers  and  dependents  and 
associated  costs  such  as  transportation  of  personal  property,  dislo¬ 
cation  allowance,  and  so  forth. 

PCS -Airmen i  Cost  of  travel  for  airmen  and  dependents  and  asso¬ 
ciated  costs  such  as  transportation  of  personal  property,  dislocation 
allowance,  and  so  forth. 

VI .  Pipeline  Costs 

Acoul sltlon-Of f i cers i  Estimate  of  the  cost  of  acquiring  an  officer 
from  the  principle  sources  currently  used  by  the  Air  Force. 

AcQuisltlon-Alrmeni  Estimate  of  the  cost  of  acquiring  an  airman 
from  the  principle  sources  currently  used  by  the  Air  Force. 

Training-Officers i  Estimate  of  cost  for  attaining  Air  Force 
specialty  classification  for  officers. 

Training-Aimeni  Estimate  of  cost  for  attaining  Air  Force  specialty 


classification  for  airmen, 


APPENDIX  B 


COST  ANALYSIS  IMPROVEMENT  GROUP  (CAIG)  MODEL 

I.  Squadron  Operations 

Goa bat  Command  Staff  Manpower)  Ths  cost  of  paying  the  personnel 
required  for  flying  supervision.  These  personnel  p erf  ora  such  Jobs  as 
command,  operations  control,  planning  and  scheduling,  flying  safety, 
quality  control  on  aircrew  training  and  flying  proficiency  and  include 
the  coabat  consander,  his  staff  and  the  squadron  coaaanders  and  their 
respective  staff. 

Aircrew  Manpower!  The  cost  of  paying  the  full  coapleaent  of  crews 
required  to  nan  unit  aircraft.  This  Includes  all  of  the  crews  necessary 
for  the  efficient  operation  of  the  unit  in  neeting  coabat  readiness 
requireaentsi  training  requirements!  and  adai ni strati ve  requirements 
such  as  leave,  sickness,  TDY,  etc. 

Base  Aircraft  Maintenance  Manpowers  The  cost  of  paying  the  per¬ 
sonnel  needed  to  neet  base  level  aainte nance  requirements  of  the  opera¬ 
tional  squadron.  This  Includes  manpower  needed  to  meet  the  direct 
maintenance  demands  of  the  assigned  aircraft  and  ground  equipment,  to 
provide  for  maintenance  supervision  and  to  cover  administrative  require¬ 
ments  such  as  leave,  sickness,  TDY,  etc. 

Base  Munitions  Maintenance  Manpower t  The  cost  of  paying  personnel 
needed  for:  loading,  unloading,  arming  and  d earning  of  squadron  muni¬ 
tions!  Inspection,  testing  and  maintenance  of  all  aircraft  weapons 
release  systems!  maintenance,  ammunition  loading,  activation  and  deacti¬ 
vation  of  aircraft  gun  systems!  And  maintenance  and  handling  of  the 
munitions  stockpile  authorised. 

Source:  Operating  and  Support  Cost  Estimates— Aircraft  Systems  Cost 
Development  Guide.  Defense  Systems  Acquisitions  Review  Council,  (May  1974). 
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Aircraft  Security  Manpower t  The  cost  of  paying  personnel  needed 
for  aircraft  equipment  security!  For  example,  entry  control,  close 
and  distant  boundary  support,  and  security  alert  teams. 

Aviation  POL i  The  cost  of  buying  Petroleum,  Oil  and  Lubricants 
(including  fuel  additives)  used  by  the  squadron  aircraft. 

Base  Aircraft  Maintenance  Material!  The  cost  of  purchasing  materiel 
from  the  General  and  System  Support  Divisions  of  the  Stock  Fund.  This 
includes  all  non-reparable  expense  type  items  Including  aircraft,  elec¬ 
tronic  and  communication  repair  parts,  and  base  operating  consumables 
used  in  the  organizational,  periodic,  or  field  maintenance  activities 
at  base  level. 

Miscellaneous  Personnel  Support!  The  cost  of  supplies,  services 
and  equipment  needed  to  support  aircraft  unit  personnel.  This  Includes 
administrative  supply  items,  expendable  equipment  and  office  machines, 
custodial  services  and  other  personnel-oriented  support  items  (desks, 
chairs,  etc.). 

II.  Base  Operating  Support 

Base  Services  Manpower!  The  cost  of  paying  those  base  personnel 
necessary  to  directly  support  squadron  personnel  include  activities 
such  as  food  service,  supply,  motor  pool  and  payroll  operations.  The 
sum  of  these  costs  represent  the  pay  of  those  base  people  who  would 
leave  the  base  if  the  operating  requirement  were  to  move  elsewhere. 

Miscellaneous  Personnel  Support i  The  cost  of  supplies  and  equip¬ 
ment  needed  to  support  base  personnel  who  directly  support  aircraft 
unit  personnel.  This  includes  administrative  supply  items,  expendable 
equipment  and  office  machine,  custodial  services  and  other  personnel- 
oriented  support  items  (desks,  chairs,  etc. ) . 
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III.  Logistics  Support 

Depot  Maintenance  Manpower  and  Materiel >  The  cost  of  materiel  and 
the  pay  of  people  required  to  perform  major  overhaul  of  aircraft  including 
complete  rebuilding  and  manufacture  of  parts.  This  maintenance  involves 
greater  technical  capability  and  more  extensive  facilities  than  are 
available  at  base  level. 

Supply  Depot  Manpower  and  Materiel t  The  cost  of  materiel  and 
salaries  of  depot  and  base  personnel  needed  to  perform  the  distribution 
of  aircraft  supplies  and  parts  to  and  from  supply  depots  to  points  of 
use  or  repair. 

Second  Destination  Transportation!  The  cost  of  shipping  supplies  5 

and  materiel  needed  to  support  aircraft  unit  equipment  and  personnel. 

These  costs  include  shipment  of  spare  and  repair  parts  to  and  from  the 
repair  depots. 

IV.  Personnel  Support 

Recrult/Technlcal  Training  Manpowert  The  cost  of  paying  personnel 
in  training  who  will  replace  unit  personnel. 

Undergraduate  Pllot/Navlgator  Training!  The  cost  of  paying  per¬ 
sonnel  in  training  who  will  replace  unit  aircrews  and  the  cost  of  their 
instruction  Including  the  pay  of  instructor  personnel. ’ 

Medical  Manpower i  The  cost  of  paying  medical  personnel  needed  to 
provide  direct  support  to  the  aircraft  unit)  and  training  pipeline 
personnel. 

Medical  Materieli  The  cost  of  materiel  required  to  support  air¬ 
craft  unit  personnel j  base  personnel  who  provide  direct  support  to  the 
aircraft  unitst  and  training  pipeline  personnel. 
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Permanent  Change  of  Station  (PCS) :  The  coats  incident  to  the  PCS 
oft  aircraft  unit  military  personnel  either  individually  or  as  organist ed 
units i  base  personnel  who  provide  direct  support  to  the  aircraft  unit; 
and  training  pipeline  personnel. 

Miscellaneous  Personnel  Sun-port t  The  cost  of  expendable  supplies 
and  equipment  needed  by  instructor,  trainee  and  medical  personnel  who 
support  aircraft  unit  personnel. 

.  Recurring  Investment 

Replenishment  Sparest  The  cost  of  procuring  aircraft  assemblies, 
spares  and  repair  parts  which  are  normally  repaired  and  returned  to 
stock.  In  addition,  it  Includes  procurement  of  stock  levels  that  are 
not  provided  by  Initial  spares  procurement.  These  are  centrally  managed 
Investment  type  items.  War  Readiness  Materiel  is  excluded. 

Recurring  (Class  IV)  Modifications t  The  cost  of  modifying  aircraft, 
ground  equipment,  and  training  equipment  that  are  in  the  operating  inven¬ 
tory  to  make  them  safe  for  continued  operation,  to  enable  them  to  perform 
mission  essential  tasks  (not  new  capability),  and  to  improve  reliability 
or  reduce  maintenance  cost.  Includes  spares. 

Common  Aircraft  Ground  Equipment!  The  cost  of  procuring  common 
ground  servicing  equipment,  maintenance  and  repair  shop  equipment, 
instruments  and  laboratory  test  equipment,  and  other  miscellaneous 
items  including  spares  for  this  equipment.  Covers  such  items  as  ground 
generators,  jet  engine  test  stands,  test  sets  for  radios,  radars  and  fire 
control  systems,  hand  tools,  compressors,  gages  and  other  minor  items. 

Training  Munitions;  The  cost  of  munitions  expended  by  the  Unit  for 
the  purpose  of  keeping  aircrews  proficient  in  weapons  delivery  techniques. 

Training  Mlssilest  The  cost  of  missiles  expended  by  the  Unit  for 

the  purpose  of  keeping  aircrews  proficient  in  weapons  delivery  techniques. 
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APPENDIX  C 

LOGISTICS  SUPPORT  COST  (LSC)  MODEL 

Initial  and  Replacement  Line  Replaceable  Units  Spares  Cost.  This 
equation  gives  the  initial  investment  cost  of  LRU  spares  necessary  to  support 
the  repair  pipelines  and  the  purchase  cost  of  spares  to  replace  condemned  j 

LRUs.  The  computation  includes  a  spares  safety  level  quantity  to  provide 
protection  against  fluctuation  in  itea  demands.  This  quantity  is  determined 
based  on  an  expected  backorder  criterion. 

On-Equipment  Maintenance  Cost.  This  equation  gives  the  flightline 
maintenance  labor  casts  to  perform  corrective  maintenance  in  place  or  to 
remove  and  replace  LRUs  for  subsequent  repair.  It  also  includes  the  labor 
costs  to  perform  scheduled  maintenance  and  Inspections  on  the  subsystem, 

Off-Equipment  Maintenance  Coat.  This  equation  gives  labor  and  material 
costs  for  base  and  depot  maintenance  facilities  to  diagnose,  repair  or 
attempt  to  repair  LRUs.  Included  are  the  associated  packing  and  shipping 
costs  incurred  for  the  items  expected  to  be  returned  to  the  depot  for 
repairs. 

Inventory  Entry  and  Supply  Management  Cost.  This  equation  gives  the 
management  cost  to  introduce  nee  line  items  into  the  Air  Force  inventory 
as  well  as  recurring  supply  management  costs. 

Support  Equipment  Cost.  This  equation  computes  the  cost  of  peculiar 
support  equipment  based  on  the  anticipated  workload  and  servicing  capability. 

The  cost  of  additional  units  of  common  support  equipment  is  also  included. 

Cost  of  Personnel  Training  and  Training  Equipment.  This  equation 
gives  the  initial  and  recurring  costs  to  train  maintenance  personnel 
(instruction  and  training  materials)  and  the  cost  of  peculiar  training 
equipment  required  for  the  subsystem. 
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Coat  of  Management  and  Technical  Data.  This  aquation  gives  the  costa 
for  Technical  Orders  (T.O. s) ,  overhaul  manuals,  and  other  special  technical 
documentation  or  repair  instructions.  It  also  computes  the  maintenance 
labor  costs  to  complete  on-  and  off-  equipment  maintenance  records,  supply 
transaction  records  and  transportation  forms. 

Facilities  Cost.  This  equation  gives  the  cost  of  special  base  and 
depot  facilities  (including  utilities)  necessary  for  operation  and  main¬ 
tenance  of  the  subsystem. 

Fuel  Consumption  Cost.  For  systems  with  propulsion  subsystems,  this 
equation  gives  the  cost  of  fuel  for  the  operational  life  of  the  system. 

Cost  of  Spare  Engines.  When  applicable,  this  equation  gives  the  cost 


of  whole  spare  engines  required  in  the  base  and  depot  pipeline  to  support 
the  weapon  system. 
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